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PREFATORY NOTICE. 



During the progress of an extended and systematic survey like that which 
is now being carried out by the Geological Survey of India, it necessarily 
happens that information is obtained regarding districts, or minerals, or fossils, 
which, though imperfect, is still of much value, and which forma a link in the 
chain of evidence tending to establish the age or character of the several groups 
of rocks or formations in this country. It has hitherto been impossible to give 
these isolated facts publicity, as it would obviously be inconsistent with the 
scheme of the ' Memoirs of the Geological Survey of India' to publish in them 
detached facts, or minor sketches, only in anticipation of the more finished and 
detailed descriptions which it would be practicable to give a little later. In 
several cases, howeyer, to wait for this more full and complete description 
would be tantamount to waiting for many years. The area of the Indian 
Empire is so immense, the staff of the survey so limited, that the detailed work 
of each successive season makes but a very small inroad on the country yet 
on visited ; while the almost total ignorance of the geological structure of India 
under which we sufiered until within the last few years made it both difficult 
to anticipate the importance of such isolated observations and impossible to 
attempt to reduce them to any general system. 

The conditions of the case, however, appear to me now to have undergone 
sufficient alteration to justify, and even to demand, a more rapid publication of 
such facts, though they may be isolated and imperfect. There are also many 
other matters, essentially forming a portion of the labors and of the progress 
of the survey, of which the public may fairly, as I think, expect a knowledge 
up to the latest practicable date. 

It is therefore contemplated to issue independently of the '' Memoirs of the 
Geological Survey of India,'' and of the " Palaontologia Indica," a separate 
series which shall bear to these Memoirs somewhat the same relation which in 
learned societies, the 'Proceedings,' ' Sitzungsberichte,' ' Monatsberichte,^ 
* Bulletins,' &c., do to the larger and more important ' Transactions,' ' Memoirs,' 
' Abhandlungen' ' Denkschriften,' &;c. This series will contain a notice of the 
current work of the survey up to date ; a list of contributions to the Museum or 
Library ; a list, and occasionally an analysis, of such books published elsewhere 



as bear upon Indian Geology ; and^ generally^ of all facts illustrating the 
immediate object of our researches^ which may from time to time come to our 
knowledge. 

This series will be issued of the same size and general form as the ' Memoirs^' 
so that it may finaUy be bound with them^ forming a second part of each volume. 
It will be paged separately, and printed economically so as to be saleable at a 
very low price ; excepting in special cases, it will not contain any illustrations, 
which in this country are always a source of great delay and cost, and so far as 
practicable, a part of this series will be issued at intervals of three months. 
These parts will vary in size as the matter available may vaiy, but within cer- 
tain limits the portion referring to each year will be kept nearly of the same 
extent. 

The present is the first issue of these ' Records,' and must be looked upon 
as an experiment, which will only be continued in the event of its being found 
really useful. 

T. OLDHAM, 

Snpdl.j GeoL Survey of India. 

Calcutta, Jwm 1868. 
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Annuftl Report of the Geological Satyey of India and of the Museum of 

Geology, Calcutta, for the year 1867. 

The adoption of the ordinary calendar year, from the Ist of January to the 31st Of 
December, as the period to which me annual reports of the Geological Survey of India should 
in future refer, while the report of last year extended to the close of the financial year, or tiie 
Slst of March 1867, necessarily restricts the present report to only nine months out of the 
twelve. For convenience, however, it may be desirable to consider it as including the three 
months at the commencement of the year also. 

During the past season, the number of the officers of the Geological Survey actually at 
work has Men considerably reduced, by absence on leave> and by other causes. At the com- 
mencement of the season Mr. Wynne was still absent on medieval certificate, and only rejoined 
on the expiry of his leave towards the end of the year. Mr. W. Theobald left India on 
furlough arter a continuous and useful service of eighteen years without absence, and he has 
not yet returned. Mr. F. Fedden obtained six months' leave, and being delayed in rejoining 
by stress of weather, has since obtained one month's further leave, rejoinmg at the beginning of 
I>eoember. Mr. B. B. Foote was compelled by ill health to leave rather suddenly in Mayuist, 
and is still absent. Mr. Tween also, who was in charge of the Museum in Calcutta, was 
compelled to leave on medical certificate, and is still absent. 

Furtiier, Mr. W. T. Blanford was appointed to accompany the Abyssinian Expedition as 
Naturalist and Geologist. And Mr. H. M. Ormsby officiated as Professor of Physical Science 
at ihe Presidency CoUege for six months, during the temporary absence of tlie FA)fessor. 

The working staff has, therefore, been much fewer in number than usual, and the progress 
made in the geological examination of the country has been proportionally curtailed. 

Taking advantage of this reduction of numbers, and the comparatively liffhtsr amount of 
work in the office, and very desirous of obtaining for the labors of the G^eologioal Survey in 
India the vast advantages which must always result from an actual comparison of specimens 
and from the study of such original series as can never ^ hoped for in this country, I obtained 
authority to proceed to Europe for a few months durilkg which the climatal conditions of this 
oountry prevent the possibiutv of field-work being carried on. Taking with me Dr. Ferd. 
StoHczka, Palffiontologist to tlie Survey, we accomplished much, and returned to India at the 
beginning of December. 

With these few preliminary remarks, showing the diminished strength of establishment 
with which the Geological Survey has been working during the past year, I shall notice in the 
usual order the progress made. 

Bbngal and JJpfbb Pbovtnges. — In the last report I brieflv notioed the reconnoissance 
of the country lying south of the districts which were under detaUea examination near Banigunj 
and Hazareebaffh, and extending westwards to the south of the Bewah country, including a 
]xrge portion of the great drainage basin of the Mahanuddi. Proceeding from Ramghur to 
BABchi, and thence to Pertabgurh, Mr. Medlicott found the greater part of the road to extend 
over the undulating highland region of Chota Nagpore. About 30 miles east of Pertabg^h, 
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there is a decided ghftt or sudden desoent into the wide valley of the Mohun, where the far 
stretching view over the low plains at once soggests a change in the nature of the rocks ; there, 
in fact, comes in a portion of tlie great central area of the rooks associated with the coal-hearing 
aeries of India. The road itself, excepting in one or two spots where the newer formations still 
exist, runs upon crystalline rocks, keeping to the north side of the Mohun valley ; although west- 
wards from Burwah, the upper members of these newer formations had been noticed capping 
some of the hiUs of the uplana area, in one case themselves capped by trap. 

These rocks extend from Pertabgurh to the Husdoo, through Bisrampur (60 miles), here 
and there varied by a tonffue-like extension of the crystalline rocks, forming protongations in 
most cases of hills lyine to me eastward. Many of these hills by their outline diow that the 
ciTstaUine rocks extend to their summit, while others form table-lands, on the scarped edges of 
which the white sandstone is conspicuous. These scarps admirably exhibit the very unequal 
surface of deposition on which the sandstones were formed. From the Husdoo and the plains 
of Belaspur, the main mass of the ciystalline rocks, which greatly predominate, lies to the 
north-west, forming the hilly region of Mahtin, while the numerous and almost detached areas 
of the secondary rocks (chieny of tiie Talcheer series) are extensions from the eastwards, where 
the table-to{)pea hills of Odeypur appear to be formed altogether of the sandstones. With this 
extension of that series of rocks is connected the smaU coal basin of Koorbah. On the 
Mahtin hills themselves a few remnants of the upper sandstones stand up like old fortresses 
on the highest summits. 

Over the area lying between the Koorbah coal-basin and the plains of Belaspur, there is 
no continuous high ground. Isolated ridges, mostly of inconsiderable elevation and composed 
of the crystalline rocks, occur. 

In tills region of the Mahanuddi, as also in that of the Godavery drainage basin, the only 
knowledge we had of the structure of the country was derived from the Bevd. Mr. Hislop s 
exertions ; he had, however, confounded rocks belonging to two distinct series, between the 
deposition of which there had been an immense interval of time. The great phuns of 
Chutteesghur were colored as belonging to the same series as the coal-field of Koorbah. In 
reality, however, the rocks belong to that very much older series to which the g^eral name of 
Vindhyan has been given. These cover an area of more than 12,000 square miles, limestone 
being the prevalent rock. On the nortii, they abut against the crystalline rocks ; on the west, 
they pass under the Deccan traps ; to the south-west, they stretch to an xmknown (as yet) 
distance up the valley of the Mslumuddi ; to the south-east, they rest upon crptalline rocks ; 
and to the east, they are crushed up with, and upon, similar rooks in*a compUcated manner. 
The more recent Tiucheer rocks are filled with debris from these, but nowhere was the actual 
contact or superposition visible. 

The Talcheer rocks extend frvm the Odeypur district to very near Sumbulpur. The 
country towards Gangpur from Chaibassa is now being examined in detiul, so that it need not 
be more specially alSided to here. At Chaibassa itself there is the junction of the newer 
submetamorphic with the gneissose rocks. There is also a grand codiibition of trappean 
intrusions, which, it is noteworthy, occur with vastly greater frequency in the granites them in 
the slates. 

This extended rec<nmoissanoe of Mr. Medlicott's will prove of very great value when we 
are able to extend our detailed researches into this vast area. 

The Hoharo or Karunpoora ooal-fidd was completed in the early part of the year by 
Mr. Hughes. This, as stated in my report for last year, is of considerable extent, covering an 
area of not less than five hundred square miles, but it is poor in coal, few of the seams 
promising welL Iron is largely smelted within this area, nearly 200 small native furnaces 
Being stifi at work. Later in tlie season Mr. Hug^hes completed the examination of the South 
Karunpoora ooal-field, also of considerable superficial area, and at the same time richer in coal. 

We have unfortunately been unable to obtain maps so as to enable us to continue and 
complete the examination of the coal-field of Pidamow, lying to the west o^ those just alluded 
to. We had commenced this last year, and in full hopes of being able to proceed steadily to 
the completion of its examination. It is hiffhly important to obtain some trustworthy 
information regaining the prospects of good ftiel being discovered there, especially in connection 
with the proposed execution of the Soane canals. As soon as maps are available, the geological 
examination of the field will not take long. 
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The smaller and comparatively valueless field near Eetcoora has subsequently engaged 
Mr. Hughes' attention, and it will be quite completed before the present season is over. 

Last year I noticed the serious interruption to the continuity of our work in Manbhoom 
caused by the maps not being roady for issue. To prevent a similar stoppage during the 
present season, I obtained, at considerable expense, tracings of all the maps required to com- 
plete the area, and join on to the Topographical Survey work to the south. Since the early 
part of the year, therefore, Mr. Y. Half hf^ been engaged in the Manbhoom countrv, steadily 
carrying his geol(^cal lines southwards : while Mr. (mnsby has been carrying the boundu*ies 
in the adjoining country to the south and to the west, and neaar Ranchi. Im*. Ball appears 
to have established some interesting fiacts as to the connection of special groups of rocks 
with certain kinds of mineral wealth. 

Mr. Mallet has been engaged principally in the neighbourhood of Jhansi and Lullutpore, 
tracing out the theological boundaries in the country mcluded in tiie northern portion of 
Sheet 70 of the Indian Atlas. Mr. Hackett similarly has been steadily carrying his geologi- 
cal lines southwards from the Qwalior country, using as the basis of his researches £e 
admirable maps of the Gwalior and Central India Topographical Survey. 

Mr. Wilson is similarly engaged in a detailed examination of the Saugor district, and 
of ilie country lying between that and Jubbulpore. This had been very cursorily visited 
before, but when no maps ensted : now we have the excellent maps recentiy issuea of these 
districts. 

Mr. Blanford's labors during the few months at the beginning of the year have been 
briefly noticed in last year's -report. Subsequently to that, he progressed steadily to. the 
south, and carried his lines of boundary down to the Chanda coal, where he examined the 
field, and ascertained the probable extent of the coal-bearing rocks in that neighbourhood, 
Trhieh is not great. A preliminary report on the coals of this field was submitted shortly 
after. It is probable that a large proportion of the rocks near Chanda belong to the same 
series as those in the immediate neighbourhood of Nagpur, which in my last report I stated 
liad been recognized as possibly belonging to a different series. This inference has not been 
altogether borne out by subsequent and closer investigation, although the necessity for sepa- 
rati^ the rocks into a distinct flpx>up of the Damuda series has b^n fully established. Ae 
fun &tai]s have still to be worked out. 

Mr. Blanfbrd has since then been deputed to accompany the Abyssinian Expedition as 
Naturalist and Geologist, and has joinea iiie forces from Bombay. This is a duty for which 
he is singularly well qualified, and I feel perfectly confident the results will amply justify the 
wisdom of the selection. 

Bombay.—* Mr. Fedden has been absent on leave for seven months of the year. On his 
retnm, he has been deputed to join Mr. Wynne in Cutch. Mr. Wynne has been placed in 
charge of the Bombay party, in consequence of Mr. W. pianford's absence in Abyssmia, and 
aidea by Mr. Feddcoi, he has taken up the detailed examination of Cutch. 

Madras. — The labours of the Madras party have been curtailed by the absence, as 
already alluded to, of Mr. Foote. In my last report I expressed a hope that the close of the season 
would see the examination of the Kudoapah rocks carri^ up to the limit of Sheet 76 of the 
Indian Atlas. This was accomplished in one place ; but illness in camp and inclemency of 
the season prevented the whole breadth being examined so fax north. A general reconnois- 
aanoe to the north of the Kistna'has shown uiat these sub-metamorphic rocks stop out, for a 
distance at least, a few miles north of the Kistna, the gneissose rocks appearing from beneath 
^em, all across firom the vicinity of Juggiapett round by WarupuUy to Kumool. Of the 
portion that now remains to be mapped in, a large area is marked on the maps as an inacces- 
sible tract unsurveyed. Across this there are only one or two footpaths at considerable inter- 
vals. And seeing the nature of the ground and the great intricacy or the geological lines, I 
greatly fear that with only two assistants at work it will be impossible to get over all this 
area tnis season. It is certain, however, that a general knowledge of its structure will be 
obtained. 

Of the Madras work two further quarter sheets, Sheet 78. NE. and SE., have been sent 
to the engraver months since. 

BuBMAH. — I have already in my last report detailed the progress of the work in Burmah 
for the few months at the commencement of the year, Mr. Theobald left; on furlough, in 
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On ili« oilier hand ike roof is frequenily, though not always, coarse sandstone. The 
seams are not of even thickness throughout, some, perhaps all, being very variable. Most of 
them are only seen for a few feet, and in only two cases could I trace them the whole distance 
ftcroee the nver. One so traced varied but slightl v in thickness, being about 1 foot to 1 £bot 
8 indies ; the oUier was 2 feet thick on one bank of the stream, and gndnally thinned away, 
vanishing completely before reaching the other bank, less than 50 yaids distant. Both these 
fteams were associated wiih flags and shales. 

It will thus be seen that, except at Rawundeo, not one seam is known to occur exceed- 
ing 3 feet ia Uiickness, and I doubt if any seam of that thickness can be profitably mined in 
India. I am aware that much thinner seams are worked in England, some, I believe, not 
exceeding 18 inches, though that is exceptional. But in England there are three advantages at 
least which are wanting in India. These are — 1. A large local demand ; 2. Excellence of 
quaUty; 3. A skilled mining population. 

In India, in a place like the Tawa Valley, there is no local demand, nor is it very 
probable that there ever will be. The best Indian coal from the Damuda beds is about 
half as good as the best English coal, that is. if used in a steam engine, for instance, it takes 
twice as much Indian coal to do the same work. The value consequently, weight for 
weight, is about one-half, and a 3 feet seam of Damuda coal is, on this account alone, only 
an eauivalent of an 18 inch seam of Enf^lish coal. Another disadvantage entailed by the 
inferiority of quality, is of course, increased expense for carriage. 

The want of skilled labour causes more coal to be cut to waste besides largely increasing^ 
the cost of superintendence. 

Taking all the disadvantages into oonsideration,, my own impression is that from 4 feet 
6 inches to 5 feet is the minimum thickness of a coal seam which can be profitably mined 
in India under ordinary circumstances. In the immediate neighbourhood of a railway, or 
of any other large source of demand, perhaps rather thinner seams might be worked. 

Of course a considerable quantity of coal, some thousands of tons in many cases, may 
be profitably extracted from thinner seams near the surface. 

Of course too, the conditions of the profitable mining of Indian coal depend upon a 
variety of ciroumstances liable to change. A mining population might gradually spring 
up, the demand for friel may, and probably will, increase, while other supplies may fail or 
increase in value to sueh an exent as to raise the price of the article permanently. These other 
supplies, at present, aro wood and English cou, either of which may at any time become 
unprocurable. On the other hand, if India ever attains a civilization at all approaching that 
of Europe, it will undoubtedly grow timber for friel largely, as is done in all other civilized 
countries not rich in coal. At present the principal efforts of the whole Native population of 
India, and of no inconsiderable proportion of the European population, appear to be devoted 
to the destruction of the forests, and it is but fair to say that their labours nave been rewarded 
with great success. 

Supposing, however, that seams of 4 feet in thickness could be worked or that two or three 
•earns were mined from one shaft, thus diminishing the cost of sinking and of machinery, 
theie appears a possibility that the Rawundeo coal mi^ht be mined, especially as the 
quality is, in some seams, exceptionally good. But tbero is still one point which must be 
satisfactorily determined before the seams' could be pronounced workable, and that is the 
question how far the seams can be trusted to be constant in thickness. 

Where merely small sections are seen in the banks of rivers, not extending frequently 
snore t^«^" 5 or 6 yards, this question is difficult to answer. Of all the seams seen m the Tawa 
Machna, and Bora streams, the outcrops of not more than 3 or 4 can be traced for 50 yards, 
and out of these few, one in the Tawa dwindles from 2 feet to nothing in that distance, and 
a second at Murdunpoor on the Machna, appears to do the same, and certainly, out of a 
total of barely 3 feet, varies as much as a foot within 20 yards. Moreover, nothing is more 
common than to find coal seams of variable thickness when their roof consists of coarse sand- 
stone ; it appears always to mark slight local unconformity, and denudation of the coal seam 
beneath. But in the case of the seam at Bawundeo which is seen to thin out, its irre- 
gdiarity is not due to this cause, the roof being of flaggy sandstone. 

In describing the Banigui\j coal field, I showed that thero were two sub-divisions of 
the coal-bearing rocks or Damudas, the lower containing numerous coal seams of great size 
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bat so variable in quality and thickness, that it was doubtful if any could be largely mined* 
The beds were characterized by frequent alternations of shales, flaggy beds and massive sand* 
stones. In the higher snb- division of the Ranigunj beds the alternations were less numerous, 
the several beds much thicker, and the coal seams more constant. I am inclined to believe that « 
the beds of the Tawa Valley resemble those of the lower or Barakar series of the Banigxmj 
field in the pecuUarities of the coal seams, as they certainly do in i^eir position at the base of 
the eoal measures.* 

A very important and interesting question is theprobability of the occurrence of coal ia 
the mote northern portion of the Tawa Valley near Eesla and Bagra ; in the first place, 
because coal occurring there might belong to the higher and richer beds ; and, secondly, 
because it would be so much nearer to the Ime of ndlway. Time did not allow me to examine 
the valley thoroughly, but a cursory inspection of the neighbourhood of Bordha and 
Eesla induced niie to believe that the roclu there occurring are very possibly higher in 
podtion than the true coal bearing beds of the Damudas. April 4^A, 1866. 



H. B. Mbdlicott, On the prospects of useful Coal beinff found in the Gab- 
bow Hills, Bengal. — Mv report on the coal resources of the G^rrow HiUs admits of 
beine very brief. I have only to indicate the very fallacious nature of the statements, upon 
which expectations have been founded. 

The region to which my remarks will be limited, as bearing upon the question of the 
Dorthem extension of the Eastern Bengal Railway, comprises the hiBs to the south and east of 
the Bramahpootra, bordering the Mymensing and Goalpara Districts. It forms the recently 
created iurisdictdon of the Garrow Hills. It thus excludes the Cossiah Hills and Silhet, of 
which the coal has already been cursorily described, and which would be beyond the range of 
the object, indicated as the special reason for my mission. It will be seen that the spurious 
ooal of the (Harrow Hills is geologically distinct from most of that already so well-known as 
Silhet, or Cherra coal. 

As it was conjectured, and in the main correctly, that the Gkrrow HiUs were eedlogically, 
as well as geo^aphically, the continuation of the Cossiah HiUs, I formed the plan to bogm 
at Cherrapoonji, and so to work westward from the known to the unknown. Owing to tiie 
lateness of the season at which the project was taken up, I started from Calcutta before final 
orders were received from the Home Ofiice. But in consequence of the great delay subse- 
quently in procurmg elenhants, the only practicable carriage in these districts, I was unable to 
leave Cherrapoonji until the 22nd of January. I was, therefore, prevented from carrying 
on the connection of the sections so closely or continuously as I had wished. I had to hurry 
on to the ground where the principal object of research lay. However this unavoidable haste 
may have diminished the scientific results of my season's work, it has not, I consider, affected 
the judgment I have to give on the practical question proposed. The circumstances of the 
case are so simple as to admit of a very definite opinion. 

I have examined every coal outcrop in the Garrow Hills of which I could obtain any 
information. They are grouped in two localities; one on the Sumesurri river, north of 
Shushung-Durgapur m Mymensing, the other in the neighbourhood of Harigaon, at 
the west base of the hills near the Bramahpootra. It is the latter that has chiiefiy 
attracted attention, as being so &vorably situated with reference to the great river and to 
Assam. The former position is more than fifty miles fi*om the Bramahpootra, besides bein^ 
separated from the plains by a zone or belt of hills, ten miles wide, ana being on an unn&vi- 
gable stream. Both localities are marked on the Revenue Survey maps of Mymensing and 
Goalpara as coal-bearing ; and, as far as I am aware, the coal was first brought to notice by 
the surveyors. There can be little doubt, that the same coal is more or less continuous 
between ttiese two localities, and that numerous other outcrops could easily be found by any 
one having a slight knowledge of the rocks ; but, apart from a consideration of the absence 
of any prospect of improvement in the character of the coal, the difficulties of position with 
reference to the means of transport, would rapidly amount to prohibition, even m the case of 
a very good coal, in proceeding eastwards from Harigaon. After seeing the section on the 
Sumesurri, and finding that I should have little to occupy me in the outermost hills, 
I wished much to be able to proceed up the Nitai, and so along the band of coal-bearing 

* It iA possible that the M o p a n i beds, which, however. I have not seeu, belong to the upper or Raniguuj 
writs, as do, I think, aome and perliaps all of the P e nch beds also. 
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»trata to Harigaon; but I could not have attempted this wiUiout long preconoeried 
arrangements wiUi Lieutenant Williamson, having haa repeated official warmngs not to ven- 
ture into the Garrow country unsupported. 

The configuration of the Garrow Hills differs considerably &om that of the Cossiah 
HiUs; while the corresponding features in each are determined by the same geological 
structure. The high table-land range of Uie Cossiah HiUs rises almost abruptly from the 
plains of Silbet, and is formed by undisturbed strata belonging to the cretaceous and 
Aummulitic formations, restine upon a basis of crystalline (me&morphic and granitic) rocks. 
There is under the Cossiah Hills only a very narrow band of mudi lower fringing ridges, 
formed of those same, or of youneer, stratifiea rocks, but greatly broken fr^m their ori^mal 
horizontality. The outermost of these are very low, being composed of the comparatively 
soft rocks of age later than the nummulitic ; while the ndges of intermediate position and 
elevation are for the most part determined by the nummulitic limestone, or by the cretaceous 
sandstone. The higher ridges of the Garrow Hills, on the contrary, are scarcely visible from 
the plains of Mymensing in ordinary weather. Passing westwards from Cherrapoonji, the 
zone of disturbed rocks and lower ndges intervening^ l^tween the table-land and the r^ainfl 
becomes wider, the boundary of the main hills havmg taken a W. N. W. course, while the 
outer limit of the minor hills maintains its E. W. direction. It is found throughout that the 
great change in the form and elevation of the hills is consistent with the appearance of the 
crystalline rocks : on the Sumesurri, the gneiss comes in close to the nortn of Seju; and 
Tur a mountain (upon which Lieutenant Williamson has just established his head quarters) 
is the western termination of the great plateau of Shillong and Cherra, and is formed 
of gneiss with the cretaceous sandstone resting on its S. W. base. In the same continuation, 
njp to the edge of the Bramahpootra at Singmari, the crystalline rocks appear almost con- 
tinuously, under a thin covering of the same sandstone. No formation seems to be introduced 
in the western expansion of the lower hills, that is, not more or less represented in the shorter 
but steeper sections to eastwards. Just about Laour, in Silhet, tiie lowest ridges of tiie 
outer hills are altogether cut away for a- considerable length ; and the nummulitic limestone 
rises abruptiy from the alluvium. The supra-nummulitic strata, however, soon re-appear to 
the west, m force: on the Sumesurri they are ten miles across; and further wes^ on a 
line S. W. from Tur a, they are probably much wider. 

There is a oonti*a8t in the features as well as in the extent of these minor hills in the 
Garrow and Cossiah regions. To the east they present much difference of elevation, and 
variety of outiine ; whereas from the summit of T u r a one overlooks, from its base to tibe 
plains, a monotonous expanse of insignificant hUls. This seems due to several circumstances, 
influencing the results of denudation ; there is a gradual diminution westwards of disturbance 
in the strata, accompanied by a less induration of the older rocks ; and especii^y is the differ- 
ence of features due to the almost total extinction westwards of the limestone, a rock always 
remarkable for its picturesque forms of weatiiering. 

I have said that the coal of the Garrow Hills has been examined in two widely separate local- 
ities. Although, on the Sumesurri, its position alone would preclude the profitable extrac- 
tion even of an otherwise valuable coal, it will be well to describe this locality, as the section is 
much more distinct than that of the more westerly i^on, and the boundaries of the several 
groups of rocks can be easily fixed approximately. The Rajah of Shushung, who lays claim 
to the sovereignty of a large tract of hills, although to all appearance his authority is unre- 
cognised by the resident Garrows, has had search made for coal along the banks of me Sume- 
surri. In this way two outcrops have been opened out ; and a little coal extracted for trial. 
Both outcrops belong, I believe, to the same seam, repeated at the sur&ce by contortions 
of the strata. It occurs near the base of the whole stratified series, within a few yards of 
the underlying crystalline rocks. 

The section on the Sumesurri is as follows :— At the outermost skirts of hills, below 
Bijessur, we find the sands and subordinate clays of the group next above the nummulitic. 
Here they dip at 40° or 50° to southward, being very much more disturbed than at any point 
higher up the river. They rapidly settle down to a very small slope and even to horizontality ; 
so much so that through the long windings of the river above ana below Salaeaon, the very 
same beds are traceable near the water line. The most distinctive rock of tnis group is a 
fine, soft, greenish-yellow or gray sandstone, generally massive and falsebedded, but also in 
Tery regularly lazninated layers. On the line of the L e k o n g naddi, these soft rocks rise 
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again to the north at about 5° ; and a little above the confluence, after some few score yards of 
buKok section, rocks of an older type crop out with dips of 40° and 50® to southwards*. 

Rynk Lamapara is on a ridge of fine, yellowish, white sandstone of the type asso- 
ciated with the nummulitic strata. The dip is here 20® to S. S. W ; but it immediately oecomes 
lower, and all through the valley of Ryuk Uianpara the nummulitic limestone shows on 
the river bank, quite norizontal. This rock is already greatly changed from its conditions in 
SiDiet ; instead of several thick bands of strong pure lunestone, there is now altogether about 30 
or 40 feet, and for the most part earthy, ocnreous and concretionary ; selected portions of it 
might make good hydraulic lime and cement. It seems to be overlaid by earthy shaley beds, 
that ajne rarelv exposed ; but I could not trace any symptoms of a carbonaceous deposit in this 
position, whicn is that of the coal at Gherra. 

The limestone runs Quite^ horizontally up to the very base of a steep ridge running 
W. N. W. ; but within ten feet it bends up to a high dip, and is seen resting directly on a strong, 
coarsish, pale sandstone more or lees felspathic. The two are thus apparently conformable ; 
and there would be no direct reason for considering them of very distinct ages. This ridge is 
very narrow ; and there is a good section of it in the river. There may be about 200 feet of 
the sandstone with occasional partings of carbonaceous shale. Along the northern flank there 
is a tiiick band of such shale, in the midst of which occurs the oou seam. ^ It is here a good 
deal crashed, being close to an axis of flexure, and dins at 80® to S. S. W. It is altogether about 
three feet thick, out very unequally carbonaceous, oeing locally split by strings of clay and of 
sand ; and it contains but few thin strings of coalv substance. The mass of what would be 
extracted as coal is a highly resinous batt or shale, full of small nests and strings of a kind of 
amber ; it gives a woody sound when struck, is very tough, and breaks with a laxge conchoidal 
fracture ; we lamination is observable throughout ; but the whole lights readuy and bums 
freely, leaving a skeleton of ash. 

There is a blank section of about 100 yards on the north side of the ridge, and then strong 
sandstone, Hke that over the coal, appears on both banks, with a verv slight northerly inclina- 
tion, continuing so throughout the long N. S. reach of the river. Wnere the river turns east- 
ward this dip increases, oringin^ down a limestone identical with that of Ryuk, and resting 
on the strong sandstone. There is here a shallow synclinal, the limestone bemg q. p. horizon- 
tal opposite Seju Lamapara, and rising rapidly on the south flank of the n^e at the point 
of which stands Seju Uj an par a. The streamlets down the flice of this ridge undercut the 
strata, and disclose the coal seam at about the same depth from the limestone as before. These 
rocks all strike into the gorge of the Sumesurri at and north of Seju Ujanpara; the 
coal and the soft shales associated with it are of course eroded and concealed, but we now find 
the beds which underlie them— these arer about 100 feet of strongooarse sandstones just like 
tiiose over the coal ; and they rest against and upon the gneiss. There is an excellent section 
<^ the junction : the dip of the sandstone increases rapidly, being 80® to S. W. at the contact ; 
but it is a natural junction, parallel to the dip of the sandstone, the base of which contains 
rolled pebbles and boulders of the crystallines. The chief mass of the high irregular ridge 
over S e j u is of gneiss, great blocks of this rock abounding in the steep watercourses through 
the sandstones at the base of the ridge. 

The coal near Seju is precisely similar to that already described, only perhaps a little 
better ; and the sequences of the strata in the two places so exactly correspona, that there can 
be Httle doubt the covl belongs to one and the same band ; the southern outcrop being due to 
the remarkable flexure of the rocks between the valleys of R^uk and Seju. Whatever little 
use might be made of this coal, if required on the spot, it is evident that it would not supply any 
extensive demand, or repay any difficult transport. The latter obstacle seems insuperable : 
the Sumesurri, although a considerable stream, is choked with silt throughout the greater 
part of its course below Ryuk, where the rapids begin to be troublesome. 

If the great thickness of cretaceous rocks, known in the section of the Cossiah hills, is 
represented at all on the Sumesurri, it must be by these bottom sandstones and shales con- 
taining the coal, here 400 to 500 feet in thickness. All the circumstances support the ooi\jec- 
tnre tl^t such is the case ; as, the description of the rocks and their mode or relation to the 
nummulitic limestone. In the Cossiah hills too there are frequent sjrmptoms of a carbonaceous 
element in the cretaceous rocks. Shortly before leaving Cherrapoonji 1 noticed a bed of shale, 

* The limestone noted on the district map of Myroensing— (scale, 4 miles equal one inch) Juat abore 
Salagaon Ujanpara, docs not show on the riTcr ; it is probably a mlwtako. 
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full of obscnit) plant remainB, afisociated with the conglomerates at the very 'base of the eeciiou 
under M am 1 u h on the west ; and it is more than probable that some of the local coal beds 
of the Cherra region, as, for instance, that at Moubelarka (^om which the supply for 
Shillongis now taken), belong to the cretaceous and not to the nummulitic deposits. 

I wished much to go up the Koylas mountain from Seju; but the attempt wooldl^ 
have been useless, without some more influential protector than the pretended sovereign, the 
Bajah of Shushung, through whose assistance I got along the river as far as Seju. The 
slight sketch given of this tract of the hills on the maps is very misleading, as to tiie relatiTe 
importance of the several hills : Koylas, though marked rather more fainUy, is about three 
times as high as any of the hills to west and south of it. One can see at a distance, by the 
sub'horizontal tiers of cliffs on the S. W. face, that at least the upper half of tihe moantain 
is of stratified rocks. It would seem too on the map to stand outside the run of the gneiss 
boundarv at Seju, a^d to be on the stripe of the Dand of sub-horizontal rocks just south of 
Seju; tnus suggesting that the whole mass of the hill is of these unaltered sedimentary 
rocks. If, however, such is the case, — that the cretaceous beds pass under Koylas at the 
same elevation as in the Sumesurri — ^the top of the hill must be formed of Uie younger 
tertiary rocks, at a much greater elevation than these have as yet been observed west of 
Jynteahi. I rather conjecture that there is a sharp bend in the boundary of the crystalline 
rocks, and that these form the base of Koylas ; in which case the cliffs noticed on the 
summit may be altogether comnosed of cretaceous and nummulitic rocks. It is possible, 
indeed, that the peak of Koylas may be formed of a remnant of the submetamorphic 
sandstones of Shillong. 

As has been already stated, it is in the hiUs bordering the Bramahpootra, tiiat the 
question of a coal supply is most important, and where the greatest hopes have been raised by 
the published statements of discovery. These statements are, as fiir as I am aware, based 
upon the investigations of Mr. James Bedford who made a survey of this district in 1842. 
Tne published maps of Mr. Bedford's coal discoveries are very imperfect reductions from the 
original manuscript, of which a tracing was most obligingly supplied to me from the Surveyor 
General's Office. In these maps the facts given are of two kmds : there are several outcrops 
of coal noticed in the hills north of Harigaon ; and coal is said to exist in the hills south 
of Harigaon upon the evidence of debris found in the streams. I will first notice t^e 
former. 

A glance at the geological sketch map will show that Mr. Bedford's coal outcrops at 
Salkura, Champagiri and Mirampara are on the exact run of the Seju bed; and 
tiiat the circumstances of the sections are very similar. Those three localities are on the low 
table-land range of Singmari, which is now much eroded into irregular transverse ridges. All 
over this range the crystalline rocks weather out from beneath a thin capping of coarse friable 
sandstone, often conglomeritic ; and at the three places mentioned, a local deposit of shale or of 
clay occurs between the sandstone and the gneiss, and which earthy deposit is veiy partially 
impregnated with carbonaceous matter. At Salkura and Mirampara the stuff is 
mamly a resinous shale, a veiy poor representative of the Seju coal, but quite of the same 
character; at Champagiri, more to the north and between the other two places, it is a 
thick bed of dark stiff cuiy, with insignificant strings of lignite through it. At Salkura 
the gneiss shows continuously in the stream at about ten feet under the shale. At 
Champagiri and Mirampara, besides occurring for some distance in the bed of the 
streams between banks of the sandstone, the gneiss is seen at the edge of the range at a 
higher level than the shales, with pebbly sandstone resting on it ; the shales having altoge- 
ther died out. All the streains form rapids or falls over the crystalline rocks at the edge of 
the range. It seems strange that Mr. Bedford, when he attempts to give definite named 
to the varieties of the overlying rocks, and although he notices these water- falls, should 
have failed to make mention of the crystalline rocks, the occurrence of which so gravely 
affects tibe prospects of the reported coal-field. 

It must have been a veiy small and carefully selected fragment from these '' coal-beds" 
that yielded the analysis nablished by the Coal Committee ; and it is not to be wondered at, 
that Mr. Sweetland faUeci to fulfil his engagement to '* put the Committee in possession of 
more satisfactory samples than they had yet seen." It would require months of labor to 
obtain a maund of anything that would support combustion. These beds have no relation 
to " the brown coal formation ;" but they were most correctly condemned hj the Committee 
as ** belonging to one or more small isolated basins of a spurious coal formation, and are not 
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likely to lead to any important result/' Unfortunately, in the very next paragraph of their 
leport, the Committee pass an enoonraging judgment upon much more precarious evidence. 

Passing to E. S. £. we find the same conditions to obtain as in the Sin^ari ridge. 
Tlie main mass of Harigaon hill is of gneiss with the thick sandstones resting against 
and upon its southern base either horizontal or witli a very slight inclination to the south, 
ud again at Tnra, the summit of which is about eight miles to E. 80° S. of Harigaon 
lull, the station at the south-west base is just to north of the gneiss boundary ; and in the 
stream which drains this flank of the mountain (it is the head waters of the Bunarossi) the 
gneiss appears in the bed for nearly a mile below the general longitudinal boundary, between 
spurs formed of the oyerlyinff horizontal sandstone. Down this stream I was taken to see 
a ooal bed ; it consists of a Srw sticks of lignito scattered through the sandstone, at six to 
ten &ei above the floor of gneiss. 

At Domulgiri, the stage between Harigaon and Tura, I was fortunate enough 
to hit upon the nummulitic limestone ; but for the clearing made for the few temporary 
buildings, it would probably have escaped notice. The blocks of rusty stone heaped out of 
tbe way are evidently derived from a bed in place— the remains of a very thin band, mro- 
bably a single bed, of ochreous earthy concretionary limestone full of nummulites. ^ The 
sbaly clays that overlie it are exposea on the side cuttings of the road leading un tlie hill 
towards Tura; and Uie cretaceous sandstone occurs in the river immediately below. In 
kind and in position, everything corresponds with what has been described in the section of 
the Sumesurri; but the limestone is reduced to this miserable remnant, useless for any 
practical purpose. This is the completion of the tendency that was already so well marked 
in the hmestone band on the Sumesurri, as compared with the same rock in the Silhot 
sections. 

As fiir as I penetrated to the south of Harigaon I could not discover even the debris 
of the rocks overlymg the nummulitics ; so I am unable even approximately to assign the 
position of that line of boundary. It must be followed up continuously firom the more 
easterly sections. 

The very small inclination, but little removed from horizontality, of the strata in this 
T^on woidd render Uie tracing of the boundaries between the formations, as carved out by 
tke tortuous valleys through these low hills, a very intricate business indeed. 

Bat there is another geological circumstance that adds much to this difficulty of fixing 
toe boondaries, and gpreatly aggravates the obstruction to observation ofiered by the dense 
'^^^f'acter of the vegetetion. 'Hiis is the occurrence of an older diluvial formation. At the 
jPpint of the spur over Domulgiri, on the spot where Lieutenant Williamson has buUt 
^ ^^t, this deposit is betrayed by the rolled blocks of crystalline rocks. But it is often a 
^d, which, as partially indurated, cannot be certainly distinguished in the small obscure 
^'^^'ne, such as almost solely aie exposed to view, (torn the rocks of the underlying forma- 
'^''^ Along the outer maigin of the hills in the Karibari region, this obstruction 



founts to a prohibition of anything like close work. In exploring the hills from Mohindro 
f^^J and Kakreepara, I oonld never think, with any certainty, upon what ground 
r^ standing. GRiere can be little doubt that this deep deposit in whicii the low hills 



ground 
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^ll^^^'^othered corresponds with that of the well-known tract in Mymensing and Dacca 
toQ^^ ^e Madhopur jungle. The semi-laterite clay, which is there the chief rock, oocurs 
^*^ong these niUs. 

Jlj^ g^^^ can now discuss the second statement regarding the coal resources of these hills. 
co^ ^<i«l. Committee remarks, after condemning the only observed outerops — "Thisbrown- 
di,|. Jl^^^mation is not to be confounded with the indications of bituminous coal in the same 
j^jj^^st, afforded by drifted specimens in the bed of the Bunarossi river." On Mr. 
^^7~^%>d's map, the Kalu above Domulgiri and the Bunarossi above Dumnigaon 
loQ^^J^Tesentea as trending indefinitely to the south, and are labelled " coal existe in these 
ti^^* lliere are several errors in this information, amounting to a complete misrepresenta- 

th^^^^^f fact. From Domulgiri the Kalu keeps altogether to the north, passmg only 
D^^^^^b the cretaceous band to the gneiss, and drains the northern flank of Tura. From 
£ji^^^ Xiigaon, the Bunarossi bends steadily round to the north, and drains the west- 
pw ^kid southeni flanks of Tura. I examined the bed of this river for several miles above 

jji^^^^igaon : frugmente of anything that could be called coal are exceedingly rare in it ; 

j^v ^^^t^ in quality, as well as in quantity, just what might be expected to be derived from the 
^^ of lignite 1 had noticed in the cretaceous sandstone near tlie source of the river ; and 
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Bticli as mieht be pTOcnred at Ghampagiri or Mir am par a — firagmentfi of pore jetty 
lignite. I naye no doubt tbat such were what the Committee inaocoratelj speak of as 
' bitnminons coal'. 

Thus it is plain to me that the unknown, nndescribed, and nnanthenticated ** bitominons 
coal" came from the condenmed " brown-coal formation ;" and that no evidence whatever exists 
of any oUier oarbonaoeoos depoeit in the Garrow Hills. 

Having satisfied myself upon the merits of all the evidence before me, and considering 
that evidence sufficient to form a judgment upon, I did not feel called upon to incur any 
forther loss of time upon the object oy hnntmg for a ' find' without the smallest prospect of 
success. But should any adventurous man, unsatisfied with the preceding explanations, wish 
to explore further, I would offer some remarks for his assistance. 

The nummulitic fonnation seems to exist here, on the whole, in as great force as in Silhet, 
but the valuable coal there associated with it has not been detected here. The case is slightly 
different from that of the limestone : this rock could scarcely escape observation if it existed ; 
but coal outcrops are habitually eroded and concealed. I cannot but tiiink, however, that 
some hint of its presence would have been brought to light, even by such search as has been 
made. The best Known (if not all) the nummulitic coal in the Cossiah Hills occurs above 
limestone. 

Of the cretaceous coal it may be said, that the described outcrops are all at the very 
margin of the original area of deposition, and that the same tendency to lorm coal may have 
been much more developed further out in the formation. There would be no asserting the 
contrary ; but also, no a priori confirmation can be given to such a coxgecture. It is, however, 
evident^ that the horizon of the carbonaceous band m this formation very soon passes beneath 
the drainage level of the countrv, and it is only by boring that this supposition of development 
can be fairly tested ; and only by regular pit-mining wiui a prodigious water dischaige, that a 
coal in that position could be extracted. 

It would seem at first sight tiiat the cretaceous beds on the Singmari range had over- 
lapped their general line of boundarv, and might extend to any distance northwards, with 
expansion of the coaly band. The ieature is indeed a remarkable one ; showing that, to some 
extent, this terminal configuration of the crystalline axis is of pre-cretaoeous origin ; but it does 
not extend &r; — at the most northerly points of this ran^, at Dhepkai and Singmari, the 
metamorphic rocks are in place, and tiiey occur at all pomts to the north where rock has been 
observed in the valley ; as at Dhubri, Bengal Khatar, and all along the southern road to 
Goalpara. 2Sth March, 1868. 



Mallet, F. B.— Copper in BuNDLBCUND.-^In the 2nd Volume of the Memoirs 
of the Geological Survcv of India, p. 35,^ notice is taken of the asserted presence of 
copper near the village of Sorai or Sounrai, west of the Dessaun river, in the Shabgurh 
district. Mr. Medlicott there states that " when at Nagode, Major Ellis had drawn my 
attention to this place, Sorai, as having once yielded large supplies of copper." Hie Rajah 
of Shahgurh had mentioned it with a view to have the place examined. The specimens 
he gave were all rounded as if rolled by water, and *' with a polish as if for many a long 
day they had lam in a greasy jpocket." None gave any evidence of having been broken 
fix)m a vein. Mr. Medlicott visited the place, but could get no information. iOter persisting 
for sometime he was shown a place just on the south of tne village where, it was said, copper 
had been extracted. It was a shallow trench through the limestone. Mr. Medlicott could 
not find a trace of anything like a metalliferous mineral. During the past season I heard 
of this place while woridng to the north of it, and in consequence I proceeded to the place. 
It is on the Bijawur rocks, at the edge of the crystallines. 

. A prisoner had told tiie Assistant Commissioner that he could show the place where 
copper existed, and on being taken to the spot had pointed this out. The hole sunk by 
the Assistant Commissioner was in a fissure formed on a joint in the Bijawur limestone, 
heading N. E. — 8. W., the walls of which were 12 to 15 inches apart This fissure had 
been Slled up with clay and pebbles of various kinds; B^awur limestone, homstone, 
B\jawur ferruginous beds, Vindhyan sandstones, &c., but none of the crystalline rocks. 
At two feet from the top were bite of brick and charcoal, and at six feet from the surface, 
there was a quantity ol copper ore in rolled lumps, obviously the debris of some vein« 
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mixed up with the pebbles of other rocks. It is possible that the lower part of the rubbish 
u much older than the upper, but there is no cfearly marked line between them. There 
is, however no copper near tiie top, and no bricks, &c., near the bottom. If tiie rubbish 
be of one age, the bricks would show that the fissure had been filled in within a com- 
ptfttiTdy recent period, and it seemed not impossible that the ore was the result of former 
wwkiBgs washed into tlie fissure by surfoce water. I then tried to find any lode ; the pebblea 
assodated with the copper are so various as to give no clue to its locality if it exist, 
excepting ttie probability of its being, in the Bijawur and not in the crystalline rocks. I 
cn^h^exammed the neighbourhood for any indications of copper without finding a trace. 
I also Maiched the bed of the stream which drains the locaHly for any loose pebbles, but 
without any result. The only way to prove it really, therefore, seemed to me to sink trial 
piiB. I discussed the matter witii the Assistant Commissioner and gave him what infonn- 
stion I could on the subject ; he expressed his determination to carry on the inveadagatioQ 
which he had commenced, and it is to be hoped that his researches will be successful. 
4pra, 1868. 

Hbteobites. — It is well known to those who have studied the structure, and character 
of meteorites that, while no single element has be«i found in these bodies which does not 
occur on our globe, and while a very large number of the combinations of these elements 
to form mineral species which occur in meteorites occur also on the earth, there still remain 
a few mineials which are specially confined to tiiese bodies. The most im^rtant of these 
are Native iron ; Schreibersite (or the phosphide of iron and nickel) ; and Troilite, or what is 
generally supposed to be the protosulphide of iron. Every extension of accurate xeseaj-cU 
which tends to diminish this number of minerals special to meteorites is of very high 
interest as bearing on the conclusions to be drawn from their com^sition regarding the 
origin and physiS^condition of the planetary bodies. And in this point of view, the recent 
researches of M. Stanislas Meunier, the able adjunct to Professor A. Daubrde, in charge of the 
inineraiorical collection at the Jardio des Plantes, Paris, possess a very wide interest. At 
present we will only allude to his researches on the nature of Troilite, of which we give here 
a sranmary. M. Meunier has also recently published a very excellent treatise, Etude des- 
criptive theorique et experimentale sur les meteobites, 8vo., Paris, J867. 

On the nature of Troilite, S. Meunier. "It is known that certain meteorites, 
that of Orgueil, for example, contain small crystals of the second system formed of a 
*^phide of iron, having the composition and characters of magnetic pyrites, or Pyrrhotine. 
This sulphide, of which the formula is Fe ^ S S enters into the composition of many terres- 
trial rocks also. 

Besides Pyrrhotiue, meteorites very often present another mineral of very similar 

composition and which up to the present never has been found crystaliized. To this the 

name of Troilite has been given. A certain number of Mineralogists, following 

^- X«awrence Smith, attribute to it the formula Fe S, and consequently regai^ it as constituting 

^^ protosulphide of iron. This distinction between Troilite and Pyrrhotine is probaWy 

'^^t so marked as is generally supposed. As seen, the difierence in composition is very slight, 

^ the physical properties of the two appear very similar. 

I have had lately opportunities of analysing many specimens of Troilite fiom the 
^^teoric irons of Charcas and Toluca, and the numbers which I have obtained lead mo 
, t^iink that this mineral is more closely allied to magnetic pyrites, than to the proto- 
fjf^^ide of iron. The results of these analyses will be pubUshed separately when they have 
^SP^ Completed and extended to a larger number of specimens, but I wish at once to call 
??^tion to a reaction, which seems in all cases easily to distin^h the protosulphide of iron 
^^ ixiagnetic pyrites, and, a fortiori, firom compounds more highly sulphuretted. 

Xt seems, at the first view, that this distinction would be very easy, but in reality it 
^ *^^t 8o. The two minerals are of the same bronze yellow colour, their specific gravities 
F^ Vejiy close (4*6 for Pyrrhotine, 47 for Troilite), and variable within certmn limits 
^ ^^ifterent specimens : the mean composition differs very littie, Pyrrhotine contains (in the 
°^^*^ of results) 396 of sulphur to 604 of iron, and Troilite, in the mean, has 36-4 of 
*^P^Tir to 63-6 of iron ; both are feebly attracted by the magnet ; both fuse fireely in the 
^^cing flame to a black globule, strongly m^etic; both finally dissolve easily in 
"'Vd^ochloric acid, with a very abundant discharge of sulphuretted hydn^en. 

It is known also that magnetic pyrites is distinguished from the protosulphide by the 
^^Posit of sulphur which it gives, when treated with acids, but ihk reaction, very marked when 
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we are dealing with masses very pure and very abundant, is not applicable to the sulphides of 
meteorites. Besides the fact that we can only operate upon very small quantities of TroiIite« 
and can therefore in every case only obtain a veir trifling deposit of sulphur, it must be re- 
member^ that this mineral is very far from mssolving entirely in adds. It gives a 
residue, in which we find carbon in the form of graphite, small hyaline grains which have 
a composition very close to that of quartz, and small crystab which can be referred to various 
silicates. 

In the practical point of view, therefore, we must seek for some reaction characteristic 
for one at least of the two sulphides in question. With this object I have submitted the 
protosulphide of iron and Pyrrhotine to a very large number of comparative trials. 

I shall not stop to show that the protosulphide precipitates metallic copper from its 
solution exactly as iron itself does, whilst the I^yrrhotine does not; the chemical reaction 
in virtue of which copper is so reduced offers some interesting pecidiarities, and I have 
submitted these to a special study. (1) Without anticipating the details, I may say that the 
protosulphide of iron obtained bv the wet way gives rise to a metallic precipitation, as wcU 
as the same compound obtained in the dry way ; nevertheless the phenomenon is more easily 
perceived in the latter case, inasmuch as the extreme sub-division of the black sulphide 
leads the copper to deposit itself in grains not discernible by the eye. 

I have been able to replace the chemically pure protosulphide of iron by a compound 
containing a little more sulphur, produced by the preparation of sulphuretted hydroeen, 
m fusing toeether iron and sulphur. But as soon as the proportion of the sulphur approadied 
that demanded by the formula of Pyrrhotine, precipitation ceased to be possible. 

With a sufficient quantity ofprotosulphide of iron, a copper solution can be deprived 
of all the copper it contains, lliis experiment can be easily made with a solution of the 
sulphate of tne binoxide of copper; again, with a sufficient (juantitjr of sulphate of copper, 
an the iron can be removed from the black precipitate which is obtained by the action of 
sulpho-hydrate of ammonia on an iron solution. 

These two &ctB show well that we have here to deal with a true chemical phenomenon, 
and not with a physical action due to capillarity or any other analogous cause. 

Havine established this distinctive character so easily recognized between the proto- 
sulphide of iron and magnetic pyrites, I commenced a series of comparative tri^s on 
specimens of Troilite from different sources. All these specimens placed in the presence of 
solutions of sulphate of copper, of which I varied both the concentration and tne temper- 
ature, |)rovecK obsoZu^i^ inerl In this respect, therefore, as also in regard to its com- 
position, Troilite, according to my experiments, approaches closely to magnetic pyrites 
(Pyrrhotine). 

It would doubtless be rash to conclude from this its absolute identity with Pyrrhotine, 
although that identity appears very probable. But the experiments appear to justify the 
absolute separation of Troilite nrom the protosulphide of iron, of which it possesses neither 
the composition nor character, as is easily proved. Cosmos, 18tJi January 1868.— T. O. 



(1) Certain phoBphidet of iron prodaco an analogoos preeipitftUon, 
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Blutfosd, W. T., F» G. S., on tke Coal Seams of the neighboarHood of Chavdi. 

DuBuro iJ&e last few days I have been engaged in examining the ooal seams discoveied 
by Captain Lude Smith, Deputy Commissioner of Chanda, in the neighboorhood of that 
station. I have the honor to forward the following report npon the prospedv of the coal being 
profitably mined. It will be seen that, although one seam is very promising, some further 
mevch is necessary before a decisive opinion can be formed upon this subjed;. I have had 
the advantage of Captain Lude Smith's company during my examination of the ooal, and I 
have reoeivm from taat officer all the information and assistaoce it was in his power to affoid. 

Coal has been found hear C hand a in two localities, both upon the banks of the river 
Wurda. In one of these places a seam is exposed on both banks of the river ; in the other, 
only upon the right bank. The river, it should be remarked, forms the boundary between 
the* Central Frovineee and the Nizam's Territories (including Berar) — ^the left bank belong- 
ing to the former. 

The more northern of tj^e two localiti# is about 14 miles due west of Chanda station. 
It is here that the ooal is found upon both banks of the river — the right bank belonging to the 
south-east or Woon district of Berar. The coal is met with upon that bank in lands 
belongpn^ to the deserted village of Kumbari. It is exposed in the bottom of a small nulla 
running mto tiie river ; a hole dug in the bed of the nulla showed the coal seam to be between 
5 and 6 feet in thickness, the uppermost portion being much decomposed, so that the exact 
amount of coal is difficult to determine. Below is grey argillaceous sandstone. The dip is 
about 7^ to the west-south-west. 

Both above and below the coal seam there are massive felspathic sandstones, good sections 
of which are exposed in the river. There is a ^ssibilit^ that the sandstone seen north-east 
of the coal seam, and which appears to imderlie it, may be the upper bed repeated by a fault 
but there is no trustworthy indication of such being the case. The band of sandstone 
resting upon the coal can be traced across the country u>r a considerable distance, and passes 
just west of the village of Belora. A shaft sunk on the west side of that village would in 
aQ probability, cut the seam, if it extends so far. 

The exposure upon the Chanda, or left bank of the Wurda, is at the edge of the river 
in the lands of Googoos villa^, and west of the village of Chendoor. ^ere is a baro 
possibility of the seam being dmerent from that seen on the right bank ; but everv appearance 
18 in &vor of its identity. An excavation made by Captain Lude Smith, whue I was on 
tike spot, gave the following sections : — • 

1. Coarse white sandstone seen in the river bank, and the same as that on the 

opposite bank of the river over the Kumbari ooal ••• ,.# very thick. 

2. White sandy shale with carbonaceous layers ... ... •••2 feet seen. 

3. Carbonaceous shale ... ... ... ... .,. 1 foot „ ' 

4. Coal variable •.. ^ ... ... 1 foot 3 inches to ... 2 feet „ 

6. Micaceous sandy shale» cut into to the depth of a foot ... ,., bottom not seen. 

The dip was the same as on the opposite bank of the river. 
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The ooal in the small hole dag, whidi was not abofve 9 to 4 feet aoross. Taxied from aboat 
2 feet to 1 foot 3 inches in thickness, and as it has farther diminished from 6 feet, or rather 
more, in crossing the riyer, a distance certainly not exceeding 250 yards (assaming tiie two 
beds to he the same, of which there can, I think, he scarcely any doaht), it appears 
improhable that the seam can be profitably mined npon a laige scale, it being likely that the 
qnantity of coal will be limited. 

Tlie qoality is only moderatelj^ good. Fair samples from the Knmbari portion of the 
seam and nrom Googoos analysed in Calcatta by Mr. Tween at the Qeolotgical Survey Office, 
gsra the following sesolts :-^ 

Ktunbari. Ckwgoos, 
I^ed carbon ... ... ... 49*6 40r 

Volatile SG-O* 43-5 

Ash ••• .«• .,. ••• 14*5 16*5 



100-0 100^ 

The proportion of yolatile ingredients is nnnsnally laige,t especially as the coal ia from 
an t>ntcrop, wbile tbe fixed carbon, which for steam purposes is alone of any value, is in vety 
small proportion. From a greater depth the quality would be better ; but the coal is below 
the average even of Indian coals. 

At Kumbari there is a considerable quantity of iron pyrites scattered through the seam 
in nodules and strings, which is a drawback. The coal also appears remarkaU v liable to 
decompose ; blocks vmich had been dug for about six weeks, and exposed to two or three days' 
ndn, luvnnff been broken up into minute fragments. This liability to decompontion is doaht- 
less parUydae to the coal having been duf from so dose to the surface, and in so unfiiyor- 
able a spot as the bed of a nulla ; nevertheless it appears excessive. 

Altogether it apnean very doubtM if much use can be made of this seam. For local 
purposes a considerable quantity of inferior friel can doubtiess be obtained from it. It is 
possible that it may again thicken to tbe north and south. This may be tested by sinking 
shafts or by boring west of the Wurda, on the west side of the village of Belora, and east 
of the river about 300 yards west of the village $f Gk>ogooflu I cannot help doubting if the 
bed extends so &r in eitiier direction. 

The second loeality in which coal has been found is abont 10 miles nearly due south 
of Chan da, and about H ^^^ south of the village of Balarpur. The spot is on the 
right or Hyderabad bank of the river Wurda, near the viUage of Sarte, ud the bed is 
covex^d by the water of the river at all times, except in the hottest and driest weatiier. At 
the time of my visit, in the middle of April, owing to some recent showers, ^e river had 
risen slightiy, and the bed was entirely concealed. A cutting into the bank close by, how- 
ever, exposed the coal, and a hole was dug into it to the deptii of 7 feet, of which the 
upper 6 feet were coal, and the lowest foot carbonaceous shale. Coal may, of course, T«car 
beneath this. But the sinking with the means at our disposal had become very difficult and 
slow, owing to the reflux of water, and sufficient had been ascertained to prove the ooal of 
workable thickness, ifcontkmt. 

The top of the seam is not exposed, at least no rock is found overlying, and it is there- 
fore impossible to say whether any of the coal has been removed witii tne overlying rocks or 
not. U pon the coal rests an accumulation of alluvial clay forming the bank of the river. 
All therefore that can be positively stated is, that the bed at this spot is not less than 6 feet in 
thickness. 

As regards quality the upper portion of the seam is, of course, somewhat decomposed, 
less «o, however, thaSa might hsire been anticipated. The uppermost 3 feet, so far as the 
state of the coal allows of an opinion, appear to consist of fair coal, but shaley and impure 
here and there. The lower 3 feet are decidedly superior, indeed one foot at tiie bottom appears 
to consist of an unusually pure and bright coal. Taking the seam as a whole, I anticipate 

• This gsve water 8 -(^ folphor *aff. 

t The belt leem in the Pench Ytlikj, near Chindwsn» thst of Sirgori, gftye on anslyil*— 

inxefl QVDon m« ••• •■• ... ••• ••• •.. ••• •>• ••• 01*S 

VOUWUe ••• •■• ... ... ••■ ••• ••• .aa ca> ••• ••• Sfll 

aiiixi ■«• i«t («* «•■ •** •«( ttt lit «•• ••• !•• ivs 
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that it will yield hafy nseftil fbel Ibr all purposes. The anantitj of pyrites appears td 
beocni8ideimuey.batiiot exeessive. It is iBterspened- throogiioat, and not in nodnJes as at 
Knmbari. It is, however,.difficQlt to fona a •correct estimate of the amount from an inspeo- 
iion of the specimens procured' from, so near the surface. The seam majr be considered aa 
highly promismg. But before it can be considered as available for mimng purposes, its 
thickness and quality must be ascertained to be constant, throughout a considerable area. 
It 18 also yery desirable to ascertain whether it recurs on the Cnanda iMe of the river. I 
regret fliat I am unable to throw mucli Ught upon these points. The conceaBnent of all 
locks near the outcrop of tlie coal is so great that scarcely any indications are alforded'even 
of the general dip, and^ the few that are met with are somewhat contradictory. 

The dip of the seam, itself is obseured. The angle is very low— certainly below 6°, and 

2 spears to be to the nortlweast or north,, but at the sam&time to vary. About 200 yaids up 
e river, on the same buik, a huge quantity of coarse sandstone is exposed, with, an apparent 
nneral din to the east of about 6 , but the rock is so excessively false-bedded that its real 
mp can oxuy be guessed at Still further up the river,, towards Balarpur, thero is more 
saadrtone, also with an apparent low eastwardly dip v bat at Bidlarpux the beds aoe either 
horizontal or dip to the mnrth-west. 

About 300 yards below the coal also, on the right or west hank of the river, sandstone 
is again expoeecC but ne trustworthy indication of a dip could be discovered. All around, on 
both sides of the river^is an alluvial plain, and I could find no trace of rook. The general 

Speatances are in favor of an east or nortii-east dip. The sandstone seen t& the north un 
e river may underlie, and that seen down the river rest upon, the coal,, but this is litue 
moce than a gpess. If the dip be to the east the coal should bie found in a shaft or boring on 
the left or Chanda side of the river, at a depth not exceeding 60 or 60' foet below: the bottom 
of the bank. 

^ It is extremely desirable that aa attempt should be made to find the coal by sinking or 
baring tlirou^h the sandstone aa the river bank bel'ow (south-west of) the outcrop on the 
Hyderabad side of the river. His B^hness the Nizam would doubtless order the necessary 
oqploration if made acquainted with the fiewts. In sinking upon the Ohanda side it is fiir 
fim improbable that omy alluvial clay may be met with to the depth mentioned. In this 
ease it would be well to make deeper explorations f\irther firom the river bank, the persistency 
of the seam can, in all probability, meantime be settled by a few sinkings or borings on the 
Hyderabad side of the nver. Further exploration on the Chaiida nde, with the exception of one 
or two shafts on the river bank, would best be deferred until this important question is decidedi 

Assay yielded the following results for these coals ^-~ 

Balarpur*. Bakrpur^ 

' best part of seam*' 
Fixed carbon ... .•« ... 61*2 499 

Volatile 89-0* 424 

Ash at. M. ..• ••• vo* 7*7 

The- existence <^ the seama discovered by Captain Lucie Sinith renders it probable that? 
n^v v. «-x M- ^t. others, as yet undiscovered, may exist in the n^ghbourhood. 

PW-w, .ukune. of oth» «■».. ^.peciilly m the rock, tie greatly concealed 6y aUtmmn. 

The area occupied by the true coal-bearing rocks of the Damuda series does no^ however, 
appear to be very large ; and owinff to the superficial accumulations beneath which they 
are buried, borine must, in all probamlitjrr be rosorted to in order to explore them. The 
discoveiy of the localities already known is clearly due, when tlie difficulties of the case aro 
considered, to most persevering enquiries and research, and I have no doubt but that the same 
energetic search, if further prosecuted, will, as at Chindwara, lead to further discoveries. 

Still I think it improbable that the neighbourhood of flhanda is equal in mineral wealth 
to the Pendi Yallev near Chindwara. As stated above, the area occupiM by the coal-bearing 
rocks aupears smaller, and their thickness is less. The fiu: greater fiusiHty of communication 
with the Bailway, and tJiepossible fnturo demand for fuel for the navigation a£ the 
Oodavery, Franhita and Wurda,t give a great advantage to the Chanda localities, and 

^Thifji«ldedralphQr*77, water 4*6. AU bam with a itiong long^osUined fLame and no eaklii«. 

t The locaUtiea where ooal haa been foand near Chanda are on the navigable portion of the Warda, and if 
»e propoeed worka for the improvement of the Godavery naTigaUon be carried oat, they will be ia direct water 
conimmiGation with the whole of the rirer. 
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thinner aeams, or in&rior ooal, than oovid be profitably mined near €hfn<lwiira» mi^^t b^ 
worked with advantage at Chanda. Oampi Ckanda Distru^ April Mk, I9&i. 

Daring the present season, borings have been carried ont close to the town of Chan da 
itself, and have proved the existence of coaly aboat 2 feet 6 inches in thickness. The coal is 
said to be hard, but as no trial of it has yet been made, its quality is reallv unknown. It is 
highly probable that this bed will prove to be an extension of the beos seen on banks 
of the Wurda by Mr. Blanford. A shaft has also been sunk at Googoos, noted above. 
Up to present date (July) it had been carried down perpendicularly to a depth of 30 Sset, 
giving a section of 16 feet, broken ground ; 7 inches, clay ; 6 inches, coal ; one fi)ot shale ; 
5 inches, coal ; 6 feet 9 inches shale, hard and firm ; and then 9 feet 6 inches, of coal ; in which 
the men were (on the 13th July) still working without any sign of change, the coal improving 
in quality. All the beds were found to dip at 10° to 11° to the wesUsouth-west, lying con* 
formably one on the other. 

These excavations have been carried out by the energetic Deputy Comnussif^er O^ptaia 
L. Smiti^, who has also had the able co-operation of ^ Mr* A. Binnie, v. a. s.. Executive 
Engineer. The results seem to place beyond a question (what from the evidence visible 
at the surface, Mr. Blanford was mclined to doubt), that the coal beds are continuous, and 
afford promise of a large supply of fueL It is highly probaUe that the two thin seams 
of coal, with intervening shale, amounting altogether to 2 feet in thickness, represent the 
bed seen by Mr. Blanford on the left bomt o£ the Wurda, and that this is therefore distinct 
fix)m tiiat visible on tlie right bank ; the latter being, possibly, the representative of the 
lower and thicker bed cut through in the shaft noticed above. Mr. Blanford fblly pointed 
out the impossibility of arriving at any sound conclusion in a country so covered as thai 
around Chanda.—- (T. 0.). 

BiJiKFOSD, W. T. Coal near Naopitb, being copy of a letter to the Seer, to Chief Commis- 
sioner, Central Provinces — (dated Camp, Chaada Dbtrict, 12th Febniary, 1867). 

I have just finished the examination of tiie various sandstone rocks which are found 
on tiie ed^ of the trap area in the Nae^pur district, and as the Chief Commissioner will 
doubtless be desirous to have early information as to the possibility of coal bring found 
in them, I will state briefly the results of my examination. 

The sandstone of Taklee and Seetabuldee and all which occurs along the edge of the 
traps to the south of Nagpur as far as the boundary of the Chanda mstrict belongs to 
beds of later age than the coal-bearing series. The sandstone hills east of Oomrair con- 
sist of beds older than the Indian coal rocks. In neither, I think, is tiiere any chance of 
coal being fouiid. The sandstones of Kamptee, Sillewara, Bokhara, and all met with 
west and north-west of those places as far as Kailod, also the rocks of Hootkyree and 
Chorkyree, and probably the sandstones near Baeargaon, belong to the Indian coal-bearing 
series, but I can find in them no indication of the occurrence of coal, nor of the rocks, 
such as carbonaceous shales, which generally accompany coid. Indeed there is a very 
remarkable and unusual absence of carbonaceous matter uiroughout ; even the plant fosdla 
have everywhere lost every trace of carbon. 

By fSftr the greater portion of the beds belonging to the Indian ooal-bearing series near 
Nagpur are oonceided by thick alluvial soil, and it is impossible to say whether coal exists 
among the concealed rocks or not. For the reasons just mentioned, I think it improbable 
that it does occur, so improbable indeed that I cannot recommend search by boring. 

Still if it be thought that, in so important a matter, tiie question should be definitely 
set at rest, I would point out the following spots where borings to a depth of 200 or 260 feet 
would explore rocks not visible at the sur&ce : — 

1. Bokhara, north of the littie hill just east of the village* 

2. Sillewara, north of all the quarries. This bore to be stopped at once if metamor- 

phic rocks are reached. 

3. Bhuruthwara, at the village. 

4. Soon air, in the river. 

6. Kailod, south of village. 

6. Agra, near Chorkyree, the Nulla west of the village. 

7. Shahpore, north-west of Bheead and east of Bazargaon ; at the village. 
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Geological Kotes on tko Sarat Colleetorate, Season 1862-63, by A. B. 
Wtvhx, F. G. & — ^The CSoUectorate of Sarat lies in the Bombay Presidency on the west side 
of India between the 20th and 22nd' parallels of North Latitude and the 72na and 74th degrees 
of Eaet Longitude, Greenwich. Its southern extremity reaches to the Damaungunga 
riyer, about 100 miles north of Bombay, and passes between the small maritime Portuguese 
settiemeoot of Damaun^ and a somewhat larger territory called Nuggur Huvellee, about 
90 miles to the east, also belooKing to the Portuguese. On the west it is bounded by 
the Arabian Sea» and on the north for some 40 miles by the little river Keem. Beyona 
tiie village of Keemchokey the northern boundary becomes irregular, ezten^g, however, 
generally eastward for 50 miles to the Rajpeepla hills. The eastern boundary of this 
CoUectoiste is very irregular : it runs fi>r some 90 miles through the above named hiUs till 
M reaches the Taptee river; there it turns to the west with the stream for a few miles, and 
then strikes off to the soutii, keeping outside the hilly district called the Daung, and after 
man^ bends approaches the sea between it and the Dhurrumpoor country, so that ^e 
distnot becomes oi very small width compared with that which it has to the north. 

The principal places in the district are the city of Surat and the towns of Bhodan on 
the Taptee, Turkeesaur and Oolpar in the north, and Nosaree, Gundavee and 
Bulsar to the south. 

General form of the around.— This district lying, as it does, between the hills 
{iomung the northern end of the Western Gh&ts range and the sea can only be called hilly 
in the north-eastern comer, which indudes some of the Bajpeepla group. The rest of it 
consists of one great plain nowhere quite level, in some places undmating sharply, and in 
others rising into wid^ swelling, smooth eminences, and it is here and there at intervals 
broken by M>rupt isolated hills, like those south of Turkeesaur, outliers of the Bajpeepla 
group; one north of Mot a village, a few more on the eastern side of the distnct, the 
conspicuous hill of Parneira surmounted by its ruined Mahratta fort, and others at and 
near Bugwarra. The whole country slopes slightly to the west; it is crossed by numerous 
streams m>m the east. And as the tide flows for a considerable distance up Uie channeb 
of these (in the Taptee, for rastance, to beyond Surat), the whole country can have but a 
small general elevation above the sea probamy not more than 160 feet, if bo mudi. 

The coast is everywhere low, and for some distance inland in the north part of the 
distiiot banen, salt and sandy, plains extend. Being thidsly populated and much under 
cultivation the country is oidy here and there overrun by jungle, whidi is, however, very 
dense in some places, chiefly along ihe streams at the east side of the €k>llectorate. 

In such a oountrr it is difficult to find characteristic features, and yet it has a oharao- 
teristic aspect produced by the repetition of similarities. 

The naany undulations of the plains are too slight and too numerous to take any definite 
direction at a glance, but the larger of them forming the watersheds of the rivers run like 
the latter more or less east and west ; and when the isolated hills take anything of a ridge- 
fike form they run most frequently, like the coast and the neighbouring limits of the hms, 
more nearly north and south than east and west. 

K the pluns, however, present few rising grounds as projections they are broken by 
nximeroua deep ravines— nullahs and kharries along the courses of the rivers and their tributary 
streams. These ravines are, of course, deepest towards the sea, but further inland the rivers 
ran between cWa frequently from 60 to 80 feet in height. 

Taken ffenerally the district may be described as flat, with isolated hills in tlie Boutb, 
and bordered on the east by a hilly and jungly tract.* 

Belationa between the form of the ground and its Geological Structure* 
—These are not so obvious as they at first 'sight mighi appear. The reason of this is, 
apparently, that the limits of the space under de«nription, although embracing a considerabla 
tract of oountzy, are not sufficiently extensive to enable us to generalize. 

Certainly as we approach the south the hills are more numerous, and it is ascertained 
that all the underlying rocks as well as the hiUs themselves consist of trap. On the east side 
of the district t^s is also the case, and glancing at the whole comitry in the neighbourhood, 
we find a group of trappean hills (exte^ons of the ' Western Gh&ts' of India) on the east 

^ ■ » ■ —IIIW M--..M.. ■■■■ ■ ■^■■. ■ !■ — »»^ — ■ ■■■III! I ■■ ■ ^ I ^ ■ ■■^—M ^— I ■ I . ■ ■■ ■ I M» 

* FuBou for the pxeralence of f«Ter at nearly all eeaflons of tlie jear, and beariDg the name of the Daaa^. 
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and south, between which and the aea is a wide pUdn eoTered to a mat depfdi with ootton 
soil, alluvinm and detrital aocumnlationB, and fonning ahnoet the whcue of the ^rat diatrict. 
Although the superficial deponts are vei^ thick, the undeiiying rock occasionally apppoaches 
and appears at the snr&oe of the plain, and where it begins to rise almost imperceptibly 
towards the hills. It ii not in all cases found to consist of trap, bat i» the northern part 
of i^e district in the Tap tee river and other places, a series of conglomeritic, calcaieonSy 
arenaceous and arj^iUaoeons, rooks are found dipping at a tcit low an^e westwards, and in 
some places containing a profusion of nummuntes and uniYiilve shells : in others fiirUier m 
in the series they contain taree bones, teeth of shark-like fish and Tegetable remains aa weU 
as other fossils. These rocks nave been provisionally termed the nummuliHe $ene9, and fipont 
their very low and sometimes undulatmg angles of dip, their soft nature and their present 
position, it seems more than probable that ^e forces of denudation which must have acted 
with great power over ihid whole country reduced the surfooe of the portion formed of ikkeat 
below that of the hardier trappean hills, wearing down these overiying rocks so as to form the 
basement of the plain. Thus we should expect to find the nummmUio serie$ wherever the 
rock becomes visible in ^e plains. And this is generally the case ; however, large portlona 
of the low ground are so deeply covered by the surfiuse deposits that the rocks beneath ara 
entirely concealed, and as the well known readiness with which trappean rocks yield to the 
disintegprating^action of the atmosphere, &c., may not have difierea greatly from that witli 
which the overlying series did so, particularly when, as here, the stratification of both dips 
in a similar direction at very low angles, it is possible that the line of demarcation between 
the two formations may be so slightly defined that the place of junction forms no stronger 
feature in the ground tlum is traceable here, and is easify concealed by overlying detntal 
accumulations, although further from the junction where either the trap or the nummuliHe 
series occupies the whole countiy en masse the characteristio shapes of the ground forming 
hills in one case, or plains in the other, become very apparent. 

The fbrmaiions which occur 



Beoent f Cotton soiL 

•°'^**°'' . \ Alluvium and river beda» 
Tertiary Nummulitio series. 
P Trap. 

Trap, — The lowest^ of these foraiations in geologiaal order is the trap which ooenpiea 
the eastern side of the district^ eztendinr into it from the hilly countiy to the east, nearly 
as for westwards as Turkeesaur in tue north. Its boundary is concealed by the alluviam 
of the plains, but it would appear to strike south by west so as to come out upon the sea 
shore near Bulsaar. It forms purt of the great trappean ^up of Central India, and the 
Western Gh&ts, and nredsely as in those precipitous and highly picturesque mountains, it is 
everywhere found to n>rm part of a reffmariy stratified series* intersected by numerous 
dykes of very similar material which are frequently porphyritio. 

The trap beds or flows, although all very similar, consist ef considerable varieties,, 
rangfing from solid basaltic trap to soft shaly-looking amygdaloid, the variously sized 
cavities of which are filled with zeolites of difierent kinds, and sometimes by transparent or 
amethystine quartz. Beds which are locally highly ferruginous are of common occurrence, 
and in many instances these have a red colour, and weather rapidly away into a rusty soil, 
but in others the action of the atmosphere appears to have hardened them into a variety of 
laterite. It is sometimes observed that the upper sur&ce of a bed only has the deep red 
color as if an alteration had been caused by the overflowing trap resting next upon it. 

Concretionary structure is very common among these traps, none within this district? 
were observed to be columar, if we except a lateritic mass, which will be alluded to further 
on. No regular order of arrangement seems to obtain among the traps, tihe different kinds 

* Thlt enomioaf sooimralatlon of trtnpMii rookt^ whether we eoodder ita wide raperfldel extent or its gftwt 
thickneea, which in the ndghbonrhood of ue OhAte moat exceed 8,000 feet. exdnaiYe of the nnknown npper portion 
remored bT denudation, may well exdte our aatoniahment. It la perhaps the largeat gronp of atratifled trappean 
materiala m the world, and the venta thioogh which theae foond their waj to the anrface have never been diaeovered. 
The djkea, althoagh in aome plaoea nnmerona, are very inaignifleant both in number and quantity compared with 
the reat of the group, and aeem quite inadequate to having afforded exit for the bedded trape, whoae regular linea of 
•tratiflcation may be traced by the eye for many milea ranging terraoe-Uke along the aidea of the GhMs* mountaina 
with a paralleliam to the horixon and each other, which it Beemidilllciilt to separate ftvm the snppoflition of their 
haviog heen depoiAted in watei; 
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lying one upon another, and beds passnig firom one texture to the other without any kind 
of seqneiice, but at seyend places where from the oongiderations given above we might infer 
an wpproftch to the npiper portion of the group visible in this coim^, there is a predominance 
of the red lateritic beds as the trap rocks first become visible in ascending the streams. 
Connecting these different ^points of eminence there would seem to be a zone of ferruginous 
tnps either among the highest trap beds of the Surat disbict or along the border of the 
Nummulitic series which reets unoonformably upon them. 

This zone seems certainly to belong more to the traps than anything else* As an instance, 
however, of what may be a somewhat analogous occurrence, I may mention that at the 
QDOOiiformable junction of the old red sandstone and Silurian formations in the interior of 
the soulh of Irekuid, the Silurian rocks over large districts and to a considerable distance 
from their boundary, but always apparently in consequence of the vicinity of the old red, 
change^ firom gray to red and are highly ferruginous ; in some places containing veins of 
hsematite; this ferruginous appearance increases as the unconformable boundaiy limit is 
aTOvoached notwithstanding any circumstances of dip or strike in the (silnrian) rocks of 
which it is quite independent ; and so plainly is it markM that upon observing it I used to 
know I was approaching the old rea boundary. It has generally been attributed to infiltra- 
tbn from the overlying rerruginous red rocks, and as the nummmitics here contain laterite 
beds near their base similar causes may have produced like results. 

Hie NumjnulUie series is the next seological sub-division in the ascending order* 
resting unoonformably upon the traps,* ana spreading in eentie undulations under a lar^ 
portion of the district. It consists of a verjr varied series of beds comprising hard lateritic 
wrm^nous rocks, coarse conglomerates, dull yellow earthy limestone, sandv and clavev beds, 
sad beds of loosely cemented gravelly conglomerate. The following table compiled from 
▼arious sections will show the genend features of the exposed portion of the series with its 
preponderance of sandy and gravelly beds above and ferrugmous ones near the base \ — 

Conglomerates, sandstones and hard calcareous breccia. 

TeUow limestones, sandy and gravelly conglomerates and shales (Oyster shells and 

BaicMida), 
Calcareous sandstones, gpraveQy conglomerates, sandy limestone and shales (fossil 

wood, shells and spines), 
Sandy conglomerate, sand layers and ferruginous partings. 
Cakureous oonoretionaiy day and pale yellow sanostone (hone firagmenU)* 
Sandstone and days (sandstone containmg planl fragments). 
Agate oonglomen^. 
Limestone (with NwmmmlUes). 

£ltiatified ferruginous conglomerates and sandstones and sands. 
Stratified ferruginous sandstones, blue clays and variegated beds. 
Yellow ochreous sandy clay, bluish and pale lilao day. 
Shales, sands, ckys and sandstones. 

llie above list indicates the general features only, and is not a detailed representation of 
any one particular succession. Calcareous beds are often met with, but though these here 
and there oecome represented by thin bands of limestone, it was only in one locality (the 
ooimtiy about TurKeesaur) that this was observed to occur in suffident quantity to occupy 
a large space of ground. 

From the podtion of this series it is difficult to arrive at an estimate of its thiokness, 
whkh must, however, be very considerable, although the angles are so frequently low, for 
sections with a vertical thiolmess froxa one to three hundred feet mav be seen m many of the 
>treams. Many of the beds are highly fossilii^us ; some are largelv made up of nummulites, 
othen of the separated valves of Balanidm, some contain a nmnber of univalve and other 
ahdis witii which the teeth of sharks, segments of the carapace of a turtie, and of large ribs 

^ The etidenee for thit inerfcion Is bat Rnall, only one Jtmetlon, or rsther yerj near approsoh to a junction, is 
■Mn. Here tbe rocks lisve the sppeannee of unconformity, but in other places where the two formations occar at 
riiort dislsBces firom each other there is reason to believe that the gromid is traversed bv flralts. The deduction is 
ttade tmm the oocorrenoe of conglomerates in tlu upper series containing agates derived apparently ttom the 
tnpa, also Dram local appetranees and obsemtioiis upon the same rocks made at a distance tmrn this distiiet. 
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and portioiig of other bones as yet imdetenninBd, luKve been foond. From the eyidemse of 
the foeeik, a ' Parintn' age has Men assigned to tfcds series of beds.* 

The alluvium includes all the deposits which so extensively occupy the district, conceal- 
ing and covering up the above-mentioned rocks over the low ground and forming the moral 
precipices which edge all the larger streams at a little distance cram the sea. 

It is almost univeisslly composed of a fine light coloured aigiUaceous loam seMom 
pebbly or gravelly, and always formed horn the decranposition of the local rocks. It some- 
times presents Imes of stratification, but more frequently is ^uite amorphous ^ts only 
diaracteristic being that like other Indian deposits of we kmd, it contains numerous 
concretions of impure carbonate of lime (kunkur). Its quantity and depth are its most striking 
features, and the mass of it appean to be older than that forming the fiats along the large 
rivers, but they pass so insensibly into each other tiiat it is impossible to distingoish 
one from the other ; its sur&ce is frequentiy moulded into hillocks and vaUies over small 
spaces bearing a very great resemblance to those of the Irish drift, but whether these are the 
results of mere atmospheric or other aqueous action it is difficult to say. 

Associated witJi this alluvium and g^erally passing beneath it are numerous beds of 
recent oongbmerate with a calcareous cement, but even of these it is not possible to speak 
with certainty as to a^, for thev appear to be in process of formation at present idong parts 
of the coast, and their consolidation might take place at any time ; some, however, are old 
enough to have been cut through by, and to form m places the beds of, the rivers. 

Cotton Soil — covers the alluvium over many large tracts of the country, indeed it 
overlies it almost everywhere upon the op^en slbpes as well as on the flats and in the hollows* 
It is often of considerable deptn, presenting the usual desiccation cracks, but witiiout an^ 
circumstances to throw additional light upon its source or formation. It seems in this 
country at least to be the ultimate result of the decomposition or reoomposition of an 
alluvium largely made up of trappean materials ; itsX^olour may be due to decayed v^etation, 
or to iron or both, and its light loamy or compost-like character to the changes from wet to 
extreme drought, its great exposure to the influence of the air by means of the deerp cracks^ 
and its frequent distcurbance by ants, ^., great quantities of whose excuvise it must contain. 

We will now proceed to give some detailed notes of the rocks in various localities, com- 
mencing at the noith end of the district. 

In the country lying about Oolpar the rocks proper may be said to be wholly invisible* 
The country is covered by alluvium, and only changes its aspect along the sea shore where 
a belt of salt marsh and barren san^ ground washed by the high monsoon tides Ibrms the 
coast. The kharrieg or streams K>r long distances inland are aU salt, and efflorescences 
of the salts of soda and (P) alumina exude m>m the ground. In the Keem river at Elao and 
above that village near Sahol, there are hard white calcareous sandstones and breccias, some 
of which ore worked into stones for hand mills at the last named villages. They belong to the 
upper part of the nummulitic series. Near Obah farther up this strram the alluvium is worn 
tiirougn by the river exposing yellow limestone and soft yellow clay with ferruginous bands. 
These limestones occur again in the country to the north-east. More yellow umestone and 
sandstone with calcareous concretions and ferruginous layers occur : some of these beds are con- 
glomeritio in places and in others strangely cellular, with a knotted and angulo-concietionaiy 



nesr 



* The following ts a roagh lift of fbotli nraovred from ihese beds, !n the Taptee river, a little below Bhodaa^ 
- the JniictioiL of a small stream called the Bhea. They have been identifled by Dr. V. StoUoska:^ 



SoiieUariaPruiwiekii, jyOrh, I Qi<r«a JPSmim^ D'Aroh. 

TertbMum, sp. | __^ lingua. So 

Ceriihiumf sp. 

iXtprma (Og nr mo vmla) •Ugam, Lam. 

jfatiea lot^pira^ Leym. 

OntM, sp. <netf C bmU, bat thinner). 

Troekau^ sp. (like T, mUrahu, Desh.). 

PkoloB^m. 

JPecUn MopkinHAyAreh, and Haime. 

„ Jmcreif Ir Aroh. 

M eomeut. Sow. 
TfiMla Ugumtn, D'Areh. and Holme. 



Monura, sp. (near Jz. ttrrueota, M. Edw.). 
JBekinamiktu, (frscrments). 
CidarUf (spines). 
IhngmeatM of other JKpJUaJdtf . 
Bt^loemma Vieoiyi, M. Edw. and Haime. 

TrodkocjfoikMt VamdenbeehiL M. Edw. and Haime. 
2 f M Sis w i f w peiff^rata, IVOrti. 

„ Bfwtgniarti, D'Areh. 

„ tapomma^ or ipwv, (probably both). 



The ' bone fragments' were portUnui of xib9» ftc, not in a state solBdent for identification. 
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ttraetoxe. The allaviom in the river banks is here only about 15 feet thick. Conglo- 
meritie and calcareone beds are seen occasionally from this to Kuthoora near Keemchokey, 
where one of the latter contains several shells, portions of spines, &c. Cakareons beds occnr 
agam in the Keem river, abont 3 miles above SLeemchokey. 

Near Tnrkeesanr is a considerable exposure of light bufiT and gray nnmmnritio 
limestone and agate coDglomerate. A low range of hills rises near this town and stretches 
flonibwaids to the Tap tee; they are formed of ferrnginous or lateritic beds intercalated 
between asate conglomerates, and having a low dip to the west, they pass beneath the 
limettone just mentioned, which, however, is traceable along their flank and re-appears in the 
Tap tee river at the end of the range, being let down by a fault to a lower level, but preserv- 
ing iti westerly dip, and seen to be overlaid again by another band of laterite. 

From this eastwards the country, which now becomes hilly, forming part of the 
Bajpeepla group, is all occupied by the traps, amygdaloids, &c., already described in 
eeneral terms and possessing no variety except a curious pale flaggy band which extends 
nom near Ooskir toMonjelao. The Taptee river at ^hodan and above it for many 
miles exposes the tra^ which are seen to nave a very general but low and undulating dip 
to the west^ and to be intersected by numerous dykes of £iTk green-gray porphyry and solid 
trap. From Gulla to Palree the rocks of the nummulitic series overlying those 
of the Turkeesaur neighbourhood are seen in the banks of the river; they consist of fine 
gravdly conglomerates, calcareous beds, and fine smooth pale gray mudstones. The latter 
were not found to be fossiHferous, but the others contain many bones, fossilized timber, 
onivBlve and bivalve shells, the teeth of sharks, and plates of the carapace of turtles. 
Hie finest locality for fossils, however, is in the limestone let down by the fault, near 
a rained village on the north bank of the Taptee, about 3 miles east of Gulla. 

In the neighbourhood of Surat city the country is covered with the fine brown 
illiirium, which extends all over this part of the district and eastwards for many miles beyond 
Mota along the valley of the Taptee. 

An isolated hill, rising to a height of about 100 feet from the alluvium 4 miles north- 
nortii-east of Mota, is formed of compact and brecciated laterite of very similar character to 
that occurring east of Gulla; its becb appear to undulate nearly horizontally. A small quany 
in the east side of the hill exposes a soft purple and white mottled rock like a decomposed 
and lateritified amygdaloid, in which occur suo-angular lumps of red hsematite. 

More red lateritie beds occur interstratified with the traps in the river duo south of 
Hota and below Bordolee. Eastward of this the coimtry rises and undulates, and the 
Qsnal kinds of gray traps and amygdaloid aro seen along the streams and protruding from the 
snrfiue of the ground. 

The Pooma river exposes the traps at Muhoowa, and above and below this place they 
are of the usual kinds with some xeddish beds, and tiie last seen as the river enters the 
alluvhim near Kohureea are associated with red lateritic beds. 

In the Umbeeka river which flows from Wulwarra past Gundavee the traps aro 
also exposed, and likewise a quantify of recent conglomerate. This river affords a good 
mmple of the character of all the streams in this country, the banks wide apart formed some- 
tunes of alluvial cli£& and sometimes sloping into the stream, the bed of which is often rockv, 
and in the dry weather contains but a nviuet, here trickling among the stones and agam 
forming still deep pools. Several instances of the manner in which the traps yield to the 
abrading forces occur, amongst which alternations of hard and soft beds (as at Nagthera 
near Poonea), frequently present most varied outlines. 

N<Mih of Gundavee at a bend in the Pooma river there is a quantity of red lateritic 
rock, which from its peculiar prismatic jointing assumes a columnar appearance when viewed 
in one direction. It seems to dip to the north at 15^, and a few yards above it in IJus 
direction with a similar dip are some red shales and a band of loose conglomerate or coarse 
■andstone a foot thick which probably belongs to the upper series. Unfortunately very little 
of these rocks is seen projecting from the alluvium, but although the want of a good section 
is felt, there is little doubt that the boundary of the two groups passes near the place and 
perhapB includes the lateritic rock in the Nummulitio series. 

At a little moro than 100 yards north of this spot parts of the skulls and several bones 
of two hmnan skeletons were found exposed in the alluvial cliff on the left bank of the river, 

B 
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at a depth of several feet from the general enrfiioe of the groand and 18 inches below the 
local sur&oe, which in this place seemed to have been excavated by ' "^ 



From this neighbourhood the allnyium rapidly becomes thin to the east, and although it 
does not possess any marked natural boundary, it is seen to grow narrow towards the south, 
tiie trap country approaching the coast and the plain becoming dotted with hills all formed 
of trap. High nmges of hills are seen away to the east and south beyond the limits of our 
district and i^p rocks occur in all the rivers. Some of the isolated trap hills rise to a con- 
siderable height. That at Parneira, the most conspicuous among them, rou^hlv measured 
by a barometer is at the summit nearly 200 feet above the plain at i& base, but it looks mu<^ 
higher. The trap of this country does not differ from that stretohing along the whole of 
the east side of the district, and although it is not to be seen everywhere, there is no want 
of evidence to show that the whole countrv is composed of it. Dykes are perhaps more 
numerous than in several other parts of the dismct : where the Bailway crosses the 
Damaun river and where there are a great number, their general direction approximates 
to north and south. 

From near Teetul on the coast west of Bulsar and re-a«pearing at intervals to the 
south, is a growing deposit of recent conglomerate formed ot the materials of the beach 
cemented by carbonate of lime ; it is stratified, the strata dipping at a low angle seawards, 
and the dead shells which it contains have been in many instances completely fossilized and 
replaced by carbonate of lime even when they happened to be a large varielT of MwreXt whose 
shell is very thick ; but in few instances, if any, was the intenor of the shell Med up by 
eitlier sand or the cementing matter. 



Additiokal obsxbvations bboabdino thb cefhalofodous fattka 07 THE South Iitdian 
CBBTACBOUS DBP08ITS, by Ferd, Stoliczka, Esq., Fh. D., Paleontologist, Geol. Survey, 
India. 

Since the completion of the volume on the Cephalopoda qf the cretaceotu rocks of 
Southern Indiatftki the end of 1866, several additional observations have been made regarding 
this portion of the &una. No fresh materials have been procured, but having had last year 
the opportunity of examining, in London, Prof. Forbes' ong^inal collection, niade by Messrs. 
Kave and Cunliffe, and also in different European Museums a large number of other species 
witn which Indian Cephalopoda have respeetively been identified, I have obtained additional 
information of various UncTsome of ^ is ^17 imporbmCinasmtioh as it throw, a new 
light upon the determination of the species, reouiring alterations in the names, Slc, ; it appears, 
therefore, desirable that these changes shoula be noticed at an early date. The observations 
must be considered as a supplement to the volume on the C^halopoda, already pubUdied. 

NAUTIZIDJB. 
NAUTILUS, Auctorum. 

Nautiltts dakictts, Schlotheim,'~(Ce^li, 1. dt., p. 24 and 206). 

Nautilus delphinus, Forbes (Trans. Geol. Soc., Lond., 1846, YII, np. 98 and 99), which 
was described from two specimens in Messrs. Kaye and Cunliffe's collection of Pond^cherry 
fossils, must be considered as identical with the above species. Forbes' figure on p. 99 is 
reduced to one-half the natural size, being taken from a larger specimen, which is, however, 
very much corroded at the sur&ce. In consequence of this erosion the outline of the septa 
became rather different and the thickness of the whorls has decreased. Both the specimens 
and also some others in our collection appear to have had originally the whorls somewhat 
more flattened laterally than typical Naut. danieus usually have them, but there are again 
in OUT collection some other spedmens which fully agree with Sowerby's original figure in 
Trans. Gkol. Soc., Lond., 1840, vol. Y, pi. 18, figs. 4-7. Another apparent distinotioB of 

* There appeared to be no trace of a burial grroand on the bank of the river here, and the lower eztrcmitioB 
pointed in the direction in which the stream runs, but as the natives of India are oilen boriod near wherevwr they 
nappcn to die, while some castes brinf? djing people to the rivers, it is thought more safe merely to reeord the fac^ 
than to build any geolog^ical thoory upon so questionable an occurrence. 

t Palieontolofiria Indica, Vol. 1, 1866. 
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the two oiigiiud apedmens of Pro£ Forbes is the small number of septa, one of the specimens 
having 10 and i£e other 12 of them, while of two specimens of N, danicus ixom Biigen, in 
the GeoL See. collection, one has 16 and the other 18 septa. I have compared all our avail- 
able specimens of this species, and I find that the number of the septa appears greatly to 
Tuy. Tnfl»iifl<i specimens usually have a smaller number of septa, as few as lO in one circuit, 
bat this number always increases in somewhat greater proportion with the size of the shell ; 
more compressed specimens usually have 16—20, but occasionally as many as 24 septf^ these 
being arranged mudi closer to each other the more they approach the body whorl. 

AMMONITIDM, 

AMMONITES, Auctwrum. 

AxKOKiTES Blutfobdianus, Stoliczha, Ceph. 1. cit, p. 46. 

This species is closely allied to some of the compressed varieties of Am. variam^ but 
always distinguished ficom it by a much narrower back, higher and serrated keel ; the septa 
are in both species almost identical, but appear to be a little less serrated in the Indian fbssu. 

Am. varioM and Cou^ stand in about the same relationship to each other as do 
An. ManieMi and Am, natncularU. 

AiocoKms BOSTSATcrs, Sowerhy: Am. inflatus, Sow., Ceph. 1. cit, p. 48. This last 
name must be replaced by the fonner, inasmuch as it is not only more characteristic, but also 
hiB priority, the species having been fiirst figured and described under the above name. 

AiQCOKiTBS SrvA, Forbes, Ceph. loc. ci^, 39. The terminations of the saddles of this 
species are phyllifbrm, exactly as in the Sstsbopstlli, £br which Suess proposed the 
Qanid FkyUoceras. 

AiQCONmB Sbmbpa^ Forhei, Ceph. loo. cit., p. 63. 

One of Forbes' specimens of Ammonitee Durga is a young shell of this species, having 
the upper layer of the shell removed and the ked therefore obsolete. The specimen figured 
by me (loc cit, pi. 71, fig. 5) as a young specimen of Am. Durga also belongs to 
Am.Membia. 

AifxoviTES nxiNBUS, SHoliczka, Ceph. loc. cit., p. 64. 

Another specimen apparently of this species has been subsequently found in the greyish^ 
nlioeoas sandstone from near Andoor. It is about the same size as the one figured on 
plate 36, but has no traoe of tubercles, the transverse ribs becoming, however, somewhat 
obeolete at the centre of the back. It is also slightly irregularly coiled at the inner edge 
of the umbilicus, giving iho shell an appearance of a young Scapkttes. 

Ammokites ticihalis, 8toticzka, Ceph. loc. di, p. 84, pL 44. 

It is, as formerly stated, very doubtM whether this species is distinct from Amm. Sasthii^ 
Sharps. I have compared the onginal of the English fossil, which in 'general character fully 
^lees with the In£an species, merely differing from it by a larger number of intermediate 
shinter ribs and a more squarish section of the whorls, while all our specimens of Amm» 
vieinalie are conspicuously compressed towards the back. Until more and better pre- 
served specimens of the Enfflisn species have been found they cannot be pronounced to be 
identical ; the outlines of the lobes are in both the same. 

AifxONiTBS DISFAB, ^OfhigMf, Ceph. loc. cit., p. 86. 

I have seen a specimen of this species in a collection of fossils of the Hanoverian 
cretaceous deposits in the Museum of the Mining Institute at Berlin. 

AifxoKiTBS GUADALOUFA, Bomor, Ceph. 1. cit, p. 90. 

Bomer's original specimen, which is in the University collection at Bonn, is rather badly 
pveeerved ; it has the umbilical tubercles somewhat more distantly placed from the suture, 
than in most oi our specimens, but this does not appear sufficient to be a specific distinction 
between them. 

Akiconitbs OBBiomrANUS, Geiniiz, Ceph. loc. cit., p. 92. 

Young specimens of Una species have a few small, sharp tubercles at the edge of the 
umbilicus, and the lateral ribs being strongly fiexuous on the outer half of the whorL become 
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almost obsolete on the inner one. Our fossil perfectly agrees with Geinitxs original 
specimens in the Museum at Dresden. 

Amhokitbs SUB0BTBCTU8, Stoliezha, Ceph. loc. cii, p. 96. 

In Sharpe B collection, presented to the London Geological Society, there are one laise 
specimen and three fragments of Am, ohtecttu^ The row of tubercles in tiiie middle of l£e 
w^ is distincUy traceable, though it sometimes appears to become obsolete ; the traasTerse 
ribs are present in the same number as the lateral ones ; the distinction mentioned (loc. cit., 
p. 97) as existing between the European and the Indian fossils must, therefore, be retained. 

Ammonites Cunliffei, Forbes, Ceph. loc. cit, p. 97, is a Scaphiies, and will be noticed 
subsequently. 

Ammokites Pavana, Forbes, 

1646. Ammomtet Paoanti, Forbes, Tntni. Geol. Soc., Lond., Til, p. 110, Fl. VII, Fig. 6. 

Amm, testa compressa, laieraliter applanata, moderate umbUicata, costis Jleruasis 
props marginem dorsalem sub'tuberculatis, longioribus et hrevioribus altenumtibus, 
ornata ; dorso obtuso, paulhUum rotundato et laieraliter compressiusculo. 

Helffht of outer whorl : the whole (considered as 1*00) ... 0*50. 

Width of nmbilicQS : ditto ... i m h >» ) •• ^'20. 

Thickness of whorl : its height ( » w » ) • ••• 0*tf. 

Prof. Forbes' original specimen, though not very perfect, appears to be distinct from all 
other Ammomtes, as yet known from the South Indian cretaceous depositB. It has the 
appearance of a young Scapkites ; but for this the shell is too regularly coiled, and besidea 
most of theapedes of that genus have the rib^at the back generally recurved, not bent 
(or at least not so strongly) anteriorlv* The lateral ribs are in Am* Pavana strongly 
flexuous, double curved, ^cominff gradually thicker towards the edge of the back, where 
they are provided with small tubercles; obsoletely continuing across the back, which is 
obt^ly rounded ; each long rib alternates with one or two shorter ones. 

The specimen appears to be from the Arrialoor sandstone near Pondicherry. 

AxKONiTBS Ganxsa, Forbes, Ceph. loc cit, p. 106. 

Amm, Soma, Forbes (Trans. Qeo\. Soc., London, 1846, YII, p. 102, pL YII, fig. 7) 
must be considered as a synonym of the above species, the name having been proposed for 
a young specimen of the same. Forbes' remark on the tablet of the original specimen in 
the London Geological Society's collection was already to that effect. 

AifKoinTBS Ikdba, Forbes^ Ceph. loc. dt, p. 112. 

Amm, Qaruda, Forbes (Ceph. loc. dt., p. 149, pi. 74, fig: 6) is, remarkably enou|^, only 
a youn^ specimen of the above. There are three specimens of this spedes m the London 
Geological Sode^'s collection; all show the furrows on the back. The young i^ellhas 
really a ver^ ^Ufferent aspect from the old one, inasmuch as the whorls oe^ to increase 
very rapidly in width as soon as the specimen has attained a certain size. The specimen 
figured as A. Qaruda has a markedly large umbilicus. The outlines of the septa are quite 
the same as those of Am, Indra, 

Amhonitss YsLLBDiB, Michelin, Ceph. loc. cit., p. 116. 

• Amm, Nera, Forbes (loc. dt., p. 106, pi. 8, fig. 7) is only a young specimen of the above 
European species. 

Amkokites Kolotubeksis, Stoliezka, Ceph. loc. dt, p. 127. 

Amm, ? indicus, Forbes (loc. dt, p. 114, pU 8, fig. 9) mav be^ a^ fragment of a whorl of 
the^ above swedes, but the original is so much mutilated that it is impossible to form any 
decisive opimon. The fragment is valueless in point of identification. 

AicKoinTSS DIFHTLL0IDB8, Forbss, Ocph. loo. cit, p. 119. 

The specimen described by me, loc. cit, p. 120, pL 69, fig. 12, under the name of 
Amm. YamOf Fori)es» is identioil with the above spedes. It has the shell partially preserved, 
and the transverse furrows conseouently not traceable ; the difference then fkomted out as 
existing between tiie division of me sutures was due to the small diameter in which the 
sutures were observed on that specimen. The original specimen of Amm, Yama, Forbes, 
is the same which I have referred to Amm, Beudanti, wnich now must stand under the 
former name, being distinct from the European fossil. 
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AmcoKiTES Vaju, Sioliczka, Ceph. loc. cii, p. 132. 

Fro£ Gemitz in Dresden directed my attention to a few specimens in his Museum, being 
apjjorently identical with thoee described under the above name, but on the other hand not 
esBily distinguishable fix)m Amm, peramphis. The relations of the two species are indeed 
ronukable, and Amm, Vaju would only seem to be a compressed Tariety of Amm, percmplus, 
still the distinctions pointed out by me (loc. cit., p. 132) are remarkably constant ; none of 
our specimens of the former had the distinct ftirrows of the latter developed ; besides this 
the direction of the ribs in both species also is somewhat different. Until more specimens 
of the present fonn have been found the specific distinctions must be retained. 

Ammokitbb Tama, Forbes, 



IMOL Amm. Tama, Forbes, Tmis. GeoL Soc, London, 1846, VH, p. 107, Fl. VII, Fig. 4; not titan, G^h. loc. 
dt, p. ISO. 
Btmdamti, Brong., StolicikB, Ceph. loo. dt., p. 143. 



I am indebted to my friend Prof. Hebert in Paris for having directed my attention to the 
most constant and distiDguishing character of the European Gktmt species, Amm, JBeudanti, 
Bnmgn., as compared with our Indian species, which in general differs from the former by 
haling tiie whorls less high compared to their width, latendly a little more convex, along 
the back not contracted, and the umbilicus slightly larger in proportion. There are, however, 
of the £ur(^>ean fossil occasionally specimens to be found, which are extremely closely allied to 
our speciesy and onhr differ by a scarcely traceable greater compression of the whorls (compare 
Pictet's figures in rul, Suisse, 2nd Series). The most importimt difference between the two 
species lies in the form of Uie outline of the septa. Those of Amm, Beudawti are com- 
parativdy broader, less high, and the laterals graduallv diminish in size as they approAch 
tiie umbilicus, on the ed^e of which thdlfxth lateral saddle is situated ; only one or two 
very minute ones are present on the umbilical slope. In our Indian sp^es the outlines 
(^ the septa have higher, more ramifying saddles and lobes, and the third lateral saddle 
lies on the edge of the umbilicus, there being at least three additional and veiy oblique 
saddles situated on its sloping side. All the lobes of Am, Beudanti are arranged in an 
afanoet straight line, while those of the present species form a distinct curve. The number 
of the septa is tolerably well marked in d'Orbigny's figure in the " PaL Francaise." 

Prof. Forbes' original spedmen of Amm, Yama is a young shell of the present species, 
and I therefi>re retain the older name, which appears the more justifiable, as tibe specimen 
which I have previously (loc. cit., p. 120) described under that name has proved to oe only 
a somewhat abnormal form of Amm, diphyUoides, 

Ammokites Sagta, Forbes, Ceph. loc. dt., p. 154. 

The species described by Coquand from the cretaceous beds of Algiers under the name 
of Amm. Pauli is probably a young shell of this species (GeoL and Pal. Province Con- 
staatme, 1862, pL 35, figs. 1-2). 

SCAPHITES. 
ScAPHiTBS CtrKUFFSANUS, Forbes, sp. 

AmmoHiUa Omlt/fM, Forbee, Ceph. loc. dt., p. 97. 

Seaph, testa kUeraliter eompressa, costis ad interoalla fortioribus, flexttosis, nume* 
rosis hreoioribus ac tenuioribus interj^ositis ornata, primis ad marainem umhilicalem 
et dortalem cunite iuberculatis ; af^actibusjunioribus regtUariter involutis, ultimo antice 
pttuh-extenso, dorso subconvexo. 

The original specimen figured by Forbes in Trans. QeoL Soc., London, 1846, Vn, 
pL 8, figs. 2 a and 2 b, is unmistakably a Seaphite ; it has the last whorl somewhi^ more 
pieduoea at the umbiHcaJ line, than is shown in the figure. The shell is flattened laterally, 
ornamented with numerous fiexuous ribs, which terminate in sharp tubercles at the edge 
of the back and of the umbilicusy the former being slightly rounded; the sides of ^e 
mnlnlicua are perpendicular. ' 

The young shell has the lateral ribs more stnught^ and the tubercles on the umbilical 
edge almost omolete (see pi. L, ^, 3). 

The outline of the sutures, as represented in fig. 8 c, pi. 50, is also oharacteristio of a 
Seaphite, there being only the first and second lateral lobe present, while the auxiliary lobes 
ftQd saddles rise suddenly in an oblique line towards the umbilical suture. 
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SCAPHITES 8IMILABI8, StollCzka, 

1868. awpkUm ^qmOii, Sowerbj, 8toU(aka» Ceph. loo. oit, p. 107, PL LX3CXI, Figf. M. 

I have oompared in the BritiBh Museum the original specimens of Sowerby's 8e, tBqualU 
and obliquua as recorded in that author s Mineral Conchology ; the figures are in general 
correct. The inner whorls of both the species are UBually of the same thickness and not to be 
distingmshed from each other, but the form described as 8caph» aqvdlu has on the last 
whorl the transverse ribs less numerous, thicker, the sides somewhat more flattened, and 
the ^neral form is usually a little longer than in Scaph. obliquiu. ^ Both are yeijr closely 
allied, and, when examining numerous specimens in Sharpe's collection and others in Pans 
and Dresden, the frequent occurrence of the two forms together in the same beds and the 
same localities so veiy much struck me that I thought they very^ probably only represent 
different sexes of the same species. Still so long as the custinctions, foxmerfy noticed, 
exist, and no other direct proof in fikvour of their specific identity can be produced, we cannot 
but retain them as distinct forms under separate specific names. 

The species which I have noticed as 8caph. obliauus (Ceph., p. 168) is in every respect 
identical with the European form, but the other wnich I have identified with 8e. €gjualU, 
and for whidi I now propose the name 8c, nmUarit, is distinct firom it, though it undoubt- 
edly must be regarded as a representative species. It differs from 8e, iequalis, by having 
the first whorls less involute, flaUened at the sides, almost smooth, and by the want of the 
peculiar projection in the umbilical space at the base of the body-duunbcnr, which projection 
IS distinctly traceable in both the European species. 8caph, Hmtlaria also appears to be a 
more compressed form than Sc, aqualis. 

ANISOCERAS,* PicUt, f^h. 1. dt., p. 170. 

Akisocsbab BtTGATUM, Forhes, Ceph. loc cit, p. 178. 

Anisoceras sub'Compretsum, Forbes (Ceph. lo& dt., p. 179, pL 85, fig, 7) is based upon 
a fragment of the above species. Forbes' figures of Anis. ruffatum, sub'CompreMsum, and 
indicum, are taken from fragments which do not exactlv agree with the specimens in the 
London Geol. Society's collection, so far as the form of tnose spedmens is concerned, but 
there are fragments of aU the species represented in the collection. Some of the spedmens 
determined by Forbes as Anii, 9w>»compre9ium belong to Anii, indicum, 

TIJBBILITES, Lamarck, Ceph. loc. dt, p. 184. 

TusBiLiTBS FLAN0BBI8, Forbcs, Ceph. loc. dt, p. 186. 

This name has most likely been applied to a small cast specimen of Amm, Sae^a, 
Forbes, of which I fi)und several small specimens, but I have in this single instance not 
succeeded in procuring Forbes' original specimen, from which ^. 6, pi. 9, in the Trans. 
Geol. Soc., London, was taken. 

TuBBiiJTBB, Cat^., Biuzoxvsis, Bamer, Ceph. L dt, p. 189. 

Bdmer's origixuJ of l\$rr. Brazoensis is veij like our fossil, but it shows a slight 
difference in the direction of the ribbings oonnectmg the tubercles ; still their identity i« 
very probable ; neither of the two respective fragments are, however, suffidently preserved 
to give a direct proof of this assertion. 

HAMULINA, d^Orhigny, Ceph. loc. dt, p. 192. 
Hahuldta SX7BLSVI8, Stoliczka, Ceph. loc. dt, p. 193. 

I have seen specimens of this spedes in the National Museum at Prague ; they weie 
collected from the lower beds of the Bonemian cretaceous depodts at Eoricany. 

Summing up the most important dianges regarding the difieient spedes, it will be 
observed that Ammonites Pavana, Forbes, has been newly added to the list of the Cephalopoda ; 



^r J^yJl^^^^ ^^' Q»bb writes word, under date of June tod, 1868, Philadelphia, that he has a new fonn, inter- 
mediate hetwMn .^KteMwrai and Anesftoeerat, He also BuggnU a new generic name tor spedes like PtwAoeerM 
:^»rbenanum, dlBtinjraished by having two linka, but it seems to me that our materials of good specimena «f 
pttfekoetrtunre hardly rofficicut to support any essential changes in the nomenclature of these and othew aUied 
Ammonitoid forms. 
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tLe species £>rmerlj described as Amm, Beudanti is different from the Enropeaii fossil, 
and nas to stand nnder the name Amm, Yama, while the specimen formerly noticed 
imder that name is identical with Amm. diphylhides. Several other species formerly 
described by Forbes nnder the names of Amm. Soma, Amm. Nera, Qnruda, and others have 
been fonnd to be identical with other known species ; the specific name Amm. ii^flatus has 
to be replaced by that of Amm. rostratus ; Amm. CwnZiffev is a Scaphite, and the species 
noticed as Scaph. aqualis has to be changed to 8c. simtlaris, n. sp. ; and last Anisooeras 
tub<ampre99um has been fonnd identical with Anig. rugatum, 

lliese dianges reduce the number* of Cephalopoda &om 148 to 146, three species 
baving been id^tified with others, but one was newly added ; the genera represented are, 
BelemmUea with 3 species, Namtilus with 22, Ammonitet with 91, Scaphites with 4, 
AmaoeeroM with 10, MeUcoceras with 1, Turrilites with 6, Mamites with 2, and MamtUina 
with 1, Ptyekooeras with 3, BaculUea with 3. The list of the 38 species identical with 
thofle of Europe and other countries must be reduced by one, for though Amm. Yama and 
Se.iimilaris must now be considered respectively as distinct from Amm. Bettdanti and 
Se. tmuUis, I have recorded the occurrence of Mamulina sublevis in the Bohemian creta- 
ceous deposits. 

LsAD in the district of Raefobb, Central Provinces. — In the month of May 
last, a spedmen of lead ore was received from the Deputy Commissioner of Baepore, with a 
request for information as to its nature and value. It was stated by Captain Twyford to be 
found extensively in the hills between Baepore and Balaghat, and abo near Chieholee, where 
there is a D&k Bungalow on the ^p«at eastern road. On examination it proved to be galena 
in crystalline masses imbedded m green fluor-s^r forming a vein in quartz. On assay 
fldiy a trace of silver was found to be associated with the lead. The impossibility of forming 
an^r idea of the commercial value of a metallic vein or lode from a hand specimen was also 
noticed. 

Subseonently very similar specimens were forwarded by Colonel J. E. Gastrell, Deputy 
Sorveyor Ueneru, together with copies of letters from Mr. B. B. Smart, Bevenue Surveyor, 
who had collected these himself on the spot. He describes the locality thus : ' The hills in 
which the ore is found are situated in the lands of Ebyra^rh and Nandgaon, and three miles 
to the west of Chieholee D^ Bungalow, near the village of Baneetalao, and Nandga. 
The hills consist of large masses of quartz imbedded in black earth. The metal runs 
through the quartz in veins and crusts.' Mr. Smart considered it to be not galena, but the 
tenulphide of antimony. 

These better specimens enabled us to oupell a larger portion of the ore, but with the 
same results ; the amount of silver present, although appreciable, is not sufficient to be of any 
practical value. There is no antimony present, fluor-spar is more abundant than was at 
first thought, and the colour is quite as frequentiy of a rich purple as greenish. 

From Mr. Smart's description the specimens sent appear to have been derived from 
loose blodEs, but there can be no question that they formed part of a re^pilar vein, whidi 
must have existed where these loose blocks were derived m>m. And m all probability 
this was at no great distance from the spot where they were found. It will be desirable 
to trace out this lode, and prove its extent or value. It looks, both as to rock and gangue, 
deddedly promising.— t/«/y 1868.— (T. 0.) 



Coal in the Eastbbn Hemisphebe. — The vast importance of any local supplies 
of coal in the eastern seas, both as bearing on the development or navigation and commerce, 
and as tending to relieve the intensity of the strain on the limited resources of Great Britain, 
from which hitherto most of the supply has been derived, renders peculiarly interesting at 
the present time any trustworthy information regarding the various sources from which coal 
may possibly be procured, their exact locality, probable extent, and the character and value 
of the friel obtainable. We have therefore aostracted, as briefly as possible, a paper 



* Those like Amm, Soma, Amm, Nera, and pacana, etc., were not inelnded in my paper published In Quart. Joom. 
Geo}. Soc, London, 186S, vol. XXI, p. 406. 
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by Cathbert Collmgwood, M. B., on tilie Formosa, Labnan, Siberia, and Japan obal, which is 
printed in Ihe Quar. Jour. CreoL Soo., London, No. 94, May lat, 180^. 

jFbrMoia coal diatrict is near Kelong, in nortii-east oomer of ialand. Mines, about one mile 
to east of town, on the hills bordering on Qoar-se-Ean Bay, are reached by boat Leavinfl^ the 
boat yon pass a range of red sandstone hills, dipping about 10°-17^ to south-east. Au the 
country around Kelung is of red sandstone, the weather-worn outcrops forming the depreoaion 
in which the coal appears to haye been deposited. ^ The workings wnen visited consisted of 
two small cayems at right angles to each other in the coal-seam, which was, at outoop, 
%^ feet IhidE. It reetM upon a thin bed of stiff whitiah day, and was covered by a bank of 
rubbly clay, 40 to 60 feet high. Workings were nearly on the kvel and of very primitive kisd. 
No machmery is used, no shafts are sunk ; the coal is picked out and removed in amall 
baskets to boats, by which it is conveyed to the harbour and is deposited in the coal-atores, 
where it is not in any way protected from the weather, and rapidly deteriorates. The mines 
are exclusively worked by Chinese. Coal is of recent fonnation, and lies over the sandstone. 

Another thin seam of indifferent coal was seen near the town of Skiddow, about the 
middle of this part of the island, ' over which was a bed of stiff day, abounding in large 
* oyster-shells, seven or eiffht inches lon^, of a spedes (probably the recent Ostrea CanadensU), 
' which I have seen brought to Canton m vast numbers for the purposes of lime-making/ 

The Eelung coal i^ light, bums very rapidly, and gives out a great heat, so thftt it 
readily sets tiie funnel on fire. It is extremely oirty, produces a vast number of blacks of a 
soft and soiling character ; the flues get rapidly very foul, requiring frequent cleansing. It 
leaves 60 per cent, of ash : its cheapness being therefore doubtfuL 

The Lahuan coal-field is in a dense Junglef where the coal crops out conspicuously not 
far from the sea. The coal district is chiefly composed of a soft yellow sandstone, dipping 30^ 
north by east. There are several seams of coal ; the lowest is 11 feet 4 inches thick, but in 
quality this is not the best seam. The coal roof is a stiff blue day, not fii« day. The 
hiffhest seam is 4 feet 6 inches in thickness ; the second 2 feet 9 inches ; the third is 3 feet 
9 mohes ; the fourth 11 feet 4 inches. Above this fourth seam there are 8 fathoms of grey 
shale in which fossil shells are occasionally found. There are two shafts, one to the first seam, 
and the other 46 fiithoms deep. ^ A third is being put down, which will 00 to 100 fathoms. 
There are also 7 or 8 level workings. ^ There is great difficulty in gettinfl^ur. Nominally 
the Company have 600 of various nations, but only 300 are at work. The present out-turn 
is 80 tons per da^. This is conveyed down a tramway, less than a mile in length, to the 
coaling pier, mth more labour it is said 200 tons per day could readily be raised. 

Lab nan coal is better than that from Kelung, heavier, close grained, tolerably .dean, 
very free from sulphur, and forms but little clinker. It bums frkst, gives out much heat, 
flames issuing from funnel often extending 6 or 8 feet, and endangering the rigging. It 
produces a large quantity of soot, which renders everything filthy. It would seem to be 
bke the Kelung coal, a ligmte, Mr. Low, of Labuan, states that he has found in " the stiff 
'' cUy roof of some of the seams impressions of leaves in very perfect preservation identical 
** with those of trees at the present moment growing in the jungle."(P) There are in the coal 
itself frequently found tears of ' pure Dammar resin', and the Dammar pine is still a common 
tree. C^ one occasion a mass^ 6 Ks. in wdght, was found. It has a remarkable tendency to 
occur in veins. 

Petroleum is found in immediate vicinity of coal districts, both at Kelung (Formosa) 
and at Labuan. The Chinese also have an idea that Formosa is rich in gold ; gold has 
been found. There is a petroleum sprint not far from the mines; in Labuan apathway 
to the spot in the jungle has been dearod, but no workings have been undertaken. Tnere are 
other springs in the neighbourhood. 

Russian coal^-^ThxB is at Possiette on the coast at south point of East Siberia, and 
at Dui on the island of Sagh alien, at the head of Castries Bay. The latter is a convict 
settlement ; ^q coal is worked by the convicts, and used solely for the Russian ships of war. 
This coal Lb small, of excellent qualitv, presents longitudinally a conchoidal, and transversely 
a cubic friicture, like Welsh coal, producing a moderatdy dense dark brown smoke. 
Steaming qualities said to be equal to Newcastle coal, and owing to its oiking qualities it 
would probably bum very well mixed with any small Welsh coal, too small to bum by 
itself. Amount of ash, cinder, and soot 20 per cent. 
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^e PosBiette coal lias a Yiireoiis fracture, more like English Cannel ooal, is veiy bitn- 
minimfl, and boms qoicklj; leaves a large residue of whitish Drown ash, with a moderale 
qoanti^ d dinker ; deposits soot much moie thaa Newcastle oooL 

^e Dai coal appears to be a Cgnite; 

^ In Joffm also several kinds of ooal occur, only small quantities are obtained, and the 
Dumios will not allow it to be sold for public use, so that not much is known regarding 
tbe qoalities of the coaL There axe fire kinds, known as Gorio, Hirado, Korkora, Emakbodkh, 
and Koicah, irhich appear to possess good qualities. And sevend others which are yeiv 
inftnoTt mnnine an immense quaotitj of diiwer, and mifit for steaming poiposee^ though 
T» dodbt vahiam for domestic use. 

The Korkora coal iis of two qualities; one inferior, dirty brown, showing ihin red 
layers ^en broken and conchoidal in fracture. The better kind is bright, dean and hard, 
wAAb to form clinker, so that it was found desirable to increase the apertures between the 
fire-bars with the ordinary tubular boilers. It resembles Sydney ooaf in ajgpearance, and 
appears to have a waste (ash, soot, and dinker) of about 30 per cent. 

Korgah coal recently brought to Nagasaki is very similar in appeazanee and qualiigr. 

Emakbodkh coal shows dayey layers, and conchoidal laminations of a white calcareous 
substance, either carbonate or sulphate of lime. This scaly appearance is charaeteristio. 
It bams well, though with much smoke. 

Hirado coal is either hard w softr The soft kind cannot be used lor sieamihg, as it 
is reduced to powder by being shaken up in the bunkers, otherwise it ia a good coaL Oi the 
balder cod tJ&ae are two vvieties ; one abounds in earthy matter and silica, TOodudng a 
vitreous glaze on the clinker, and the other is light in appearance, resembling Welsh coal* 
and oontuns about 72 per cent, of carbon. It has a cubical fracture. Consumption is about 
\ more than best Webh coal, with which, however, it might be advantageoudy mixed. 

The best of the Jananese coals is the CTorio; a dean hard cubical coal, like Welsh, and 
with 73 per cent, of caroon. Only small quantities, however, have been brought to Nagasaki ; 
and the mine has fi&Qen in in conseouenoe of heavy rains, so that some time- witt dapse before 
the old workings can be made use of. 

A remaikable ooal has been brought in small quantify from Ivanai, in the north part of 
Kipon, where there appears to be a luge mine of it. The Daimio to whom it bdongs is not 
finendly to foreigners, and the coal is therefore, procured with difficulty. The coal is worked 
bj the Japanese. It is a dean highly bituminous coal, and will bum with flame in the light 
or a candle. ** It appeare like uie rest to . be a lignite." Quar. Jour. GeoL SoC| London, 
Vol XXIV, p. »8.— (T. 0.). 



Hrbobitbs.— Through the kindness of Dr. M. Homes, Director of the LnjMrid Mineral 
Cabinet, Vienna, we have receiyed a yaluable addition to our series of meteorites. This is 
a very fine sMdmen of the fall which took ^aoe near Pidtusk in the vicinity of Warsaw on 
tiie SOth of January in the present year. 

inirough the Austrian Consul General in Warsaw Dr. Homes had procured a specimen, 
the third laraest which felL This was divided into, three parts for examination, and of 
these three Dr. Homes with his usual liberdity has sent to^ me the scKX>nd in size. It weighs 
6(0. 398gr8. The largest specimen which fell was in possession of a private party ; the second 
largest went to the Imperial Mineral Collection in St. Fetersburgh. 

The £b11 occurred on the river Narew, about half way between IMtusk and Ostrolenka» 
aboot 36 English miles north-east of WarsaWt The stone sent to Vienna was actually picked 
up m the village of SielS Nowy. . 

Dr. W. Haidinger, in a brief notice of this Ml (read to the Imperial Academy of Sciences 
at Vienna on 12th March 1868) savs : " From the various reports which havo appeared, it is 
dear that we have here again to dctfd with « truly magnificent phenomenon, beginning as 
a shooting star, afberwurds appearing as a fireball of half the diameter of the moon, uien 
vast detonatioosj at last a M of motoric stones, over a tolerably large extent of ground." 
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^The stone reoeired in Vienna wae ^rfeot^ that iB» it wm covered on all ddee with 
a distinct cmsti but at the same time, judging from its shape, it was trolj an angular 
firsgment of a^ rock-mass, which burst long prior to its readbin^ our atmosphere. It was a 
somewhat conical fragment, rather sharply angular in one direotLon, where the sidesy 2 to 
3 inches broad, meet at an angle of aliout 60°. In tiie other directions, the tbume sides 
meet at angles of from 90^ to 105°.' 

* The surface is rather uniformly coated witii a omst of about Tivth of an inch in tfaiokaess. 
This black crust is dull, fine grained, and on all planes eoyered with the well known and 
oharacteristio round shi^w impressions. The stone was about 4 inohes long, 3 broad and 3 
thick. One side was rough, the other more eyen, before the inemstation, but both are simi- 
larly incmsted. Even at the sharp angles, no molten edges are traceable whidi would 
indicato that the stone had passed through the atmosphere on^ in a given direction.' 

* The fresh fracture of the stone, and especially the cut and polished sur&oes, ahowed 
that the stone undoubtedly belonged to the group of falls indicated by Partseh, and including 
Eichstadt, Barbotan, Bielaja Zerkow, Timoohin, Zebrak, Qross-Divii^a, to 
which must since be added Pokra (Bustee). These are all srey, more or less dark coloured, 
locally brown, with more or less elobular iNviions distinguished from the rest of the mass 
by a nearly black colour with mu<£ finely divided iron, a LtUe pyrites, and probably troilito. 
ThiQ Fultusk stone is very similar to that frx)m Gross-Divina. Its specific gravity is 3*6^ 
(Schrauf.), which indicates the laiffe proportion of iron it contains. The average apedfio 
gravity of the group was determined by Partseh as 3*56 to 3*70.' 

The stone would belong to the third class, iparadasiderei, and to tha wooQiDii sub-diviaion 
of that dassy oUgoHd^m, of Mr. Daubr6e's ckssifioation.— (T. 0.). 



DONATIONS TO THE MUSEUM. 

SpecimenB of the following minerals have been presented by David Forbes, Esq., 

F. B. S., &0., &&. 

Titanofiorrite, with hornblende 
Eisen*nickelkies (ori^^nal typical fi^rm) 
Nickeliferous Pyrrhotine 
Bismuthine, with Pyrites 
Gersdorffite ••• 

Phosphorito •*. 

Native Bismuth, with Bismuthine ... 
Native Silver 



••• 



••f 



••• 



fa* 



••• 



Staffnlito ••• 


••• ••• 


Tjrrite 


... ... 


Titanoferrite, with Aspidolito ... 


Oadolinito, with black Tttrotitanito 


Hornblende 


••• ... 


Tourmaline.., 


•*t ••• 


Chlorapatito 


•• ••• 


Butile 


... ••• 


Cerito ••. 


••■ t«. 


Alvito 


••• *•• 


Native Alum 


••• ••« 


Scapolito ... 


••* «•• 


Cryolite ... 


••• at* 


Moroxito ... 


••• ■•• 


Titanic Magnetito 


••t ••• 



... 


... Krageroe, Norway. 


i.a 
... 


... Bspedalen, ditto. 
... Ditto ditto. 


.•• 


... Sorata, Bolivia. 


• «• 


... Dolschau, Hungary. 


• •• 


•.. Estremadura, l$ain. 


• •t 


... Sorata, Bolivia. 


• *• 


... Thunder Bay, Lake Superior, 




Canada. 


• •• 


... Staffel, Nassau. 


... 


... Hamfemyr, Norway* 


a.. 


•.. Krageroe, Norway. 


• «• 


••. Tttorby, Sweden. 


... 
••• 


... Krageroe, Norway. 
••. Ekeiand, Norway. 


• •• 


... TambiUos, Chili. 


• •• 
t.i 


••, Kraceroe, Norway. 
.,. Bidoarshyttan, Sweden. 
... Arendal, Norway. 


• •• 


• .• 


... Smyrna. 


• •f 


... Krageroe, Norway. 


... 


... Greenland. 


*.• 


... Canada. 


••• 


„• Norway. 



Pf.«.] 



Ikmatians to tie Museum. 



41 



Ftoir IBM BoTAL School ov Mikes, London. 



Liige mmuiulkted mass of HsemBtite .,« .•. Whitehaveni Cmnberland. 

TluQB spedmens of fifarous bmnatite ... ... Ditto ditto. 

fi^eoimen of ditto showing tendency to fraotme into 

pHBbdkndB ••• ^ 1.. ... ... Ditto ditto. 

Specolar Irony aTBtallized, with qnarts ctyM^, on htematito Ditto ditto. 

Copper pyritee, in mica schistB (yeiii) ... ... Fahlnni Sweden* 

Veinstone^ showing depoeits of Qalauif Zinc-blende, calcito, 



Ac. 



••• 



••• 



••• 



•■• 



••• 



••• 
••• 
••• 

••• 

••• 
••• 

••• 



••• 
••• 
••« 

••• 
••• 

••• 



Aiphal^ horn great Pitch-Lake 

Tb on with t^Az 

fMarif emtaUized with qnarts 

Cele^ine, nam new red marls 

Qaazti crystals, group of 

lisstono ••« ••• 

Tinstone, two laxge specimens 

Pyrmuorphito ... 

Cdrusile ••« ••• 

An^iesito ... 

Ckromo-molybdate of Lead 

Copper glance 

ADtunomate of Lead ••• 

GiB^ute^ Alibert mines.. ^ 

SQndte, with Franklinite 

Mica 

Magnetic Iron 

DHto ditto 

Bed iron oro 

Ditto ditto 

Schistose red iron, ore 

Copper Pyrites 

Malachite, on brown iron ore 

Green carbonate of copper in gossan 

Pyvohisito ..• 

CtsBo-nitnde of Titanimn, artificial, firom Iron fomaoes 

xunnnis gypsnm 

Pectdito •«• 

Ciibon^toof Lead 

Sdieetito 

Titsniie, in Granito 

finlphnr 

Cslcito 

Green flnor roar 

flunbo-caloito 



••• 



••• 



•t* 



••. 



••• 



••• 



••• 



••• 



••• 



•f • 



••• 



••• 



••• 



••• 



••• 



••• 



••• 



*•• 



••f 



••• 



••• 



••fl 



••• 



••• 



••• 



••. 



••• 



*•• 



••• 



•.• 



••• 



•.» 



••• 



••• 



»•• 



••• 



*•• 



••f 



••• 



••• 



•.• 



... 



Scapolito 

Beiyl 

Ganiet, with Idocrase 

WnljEsnito 

Bntile, in qnarta 

Specular iron ore 

Manganito 

Baryto-caldto 

Baijtes, in day iron ore 

Aetmolite 

Zinc-blende 

Tezasite, on chrome iron ore 

Green tak 



••• 



••« 



••• 



••• 



... 



••• 



••• 



••• 



.•• 



••• 



••• 
••t 
••• 

••• 
• •» 



••• 
••• 
••* 
.f« 



••• 



••• 



••• 



••• 



••. 



••• 



••. 



••• 



•«. 



••• 



••« 



••• 



••• 



• •• 



••• 



... 



Przibram, Bohemia. 
Trinidad. 
DurangOy Mexico. 
Saxony. 
Bristol. 
Danphine. 

Hnel Speame, ComwaU. 
Hnel Owles, ditto. 
Wheatiey, Mine, Pensylvania. 
Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Monto Catini, Toscany. 
Spain. 

I&utsk, Siberia. 
New Jersey. 
ComwalL 

Dannemora, Sweden. 
Bispberg, ditto. 
Langban, ditto. 
Nassau* 

Ditto. 

IKtto. 

Ditto. 

Dillenbuig, Nassao. 
Nassau. 

Workington, Cumbexland. 
Nottingham. 
Ayrshire, Scotland*. 
ZillerfelcC Hartz. 
Caldbeddells, Cumberland. 
Norway. 
Yalais. 

Strontian, Argyleshire. 
Cumberhmd. 
Leadhills, Lanarkshire. 
Wanlock*head, Dumfriesshire. 
Norway. 

Gweebarra Mts., DonegaL 
Dunglow, Donegal. 
Bleibers;, GarinUiia. 
Perthsure. 
Elba. 
Hartz. 

Alston Moor, Cumberland. 
Workington, Cumberland. 
St. Gotthard. 
Cumberland. 
Texas, Pensylvania. 
St Gotthard. 
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Samdine in Trachyte .•• ••• ... ••• Dracben&lB, Blune. 

Green Pyromorplute .• ••• ... ... Cnmberland. 

Selenite with sand, fiom the basement bed of London day, 

Upnof, near Bodhesier ... ••• ... Kent. 

Pniple flnor spar ... ••• ••• •#• Ciunberland. 

Brown floor spar^ witi^ carbonate of iron ••• ... Allenheads, Noitiramberland* 

Albertite •«« «•• ••• ••• Nova Sootia. 

t^nartz crystalB ••• ••• •«• ... Snowdon^ Wales. 

Phosphorescent floor spari from East-pool mine, near Bed- 
roth ... ,.« ... „• ComwalL 

lithomarge, Bestormal iron mine, near Lostwithiel •.. IMtto. 

Fibroos (^bonate of Copper, with pyrites ... ••• Ditto. 

'Gnn Flints, showing effects of intense heat on flints, from 
the Tower of LDndon, after the great ^i^ of October 31, 
1841. 

From J. Calvbbt, Esq., o. B.-H3peoimen8 of Schorl from Beerbhoom« and of Gold soil fix>m 
Nicaragoa. 

ACCESSIONS TO LIBftABT. 
Fbox IST Apbil 1868 to SOtb Juitb 1868. 

TIUm qf Boohs. Donort. 

logy of the Voyage of Her 1\Cm. ship Samaretng, onder the 
land of Captain Sir Edward Belcher doting 1843-46, 4ito., 



Adjlkb, Abtsi^b.— The Zool< 

commanc 
London, 1850. 

Adams, Hxifsy, ajtd Anoib, G. F. — ^Descriptions of new genera and species of Ckitonida 

. from the AostraHan Seas, in the coUectionB of George French Angas* 
8vo. 

Adaksov, M.— Histoire Hatttelle do Senegid, Coqoillagesk 4to., Paris, 1757. 

Altoh, Db. E. d'.— Ueber die yon Herm Sellow miteebrachten fossilen Panzerfragmente 

BOS der Banda oriental, ond die aazo gehorigen Knochen Ueberreste, 
^., Berlin, 1834. 

AxTOlr, Db. E. 2>' avd BtnuiBiSTEB^ Db. H.^Der foesile Gavial von Boll in Wortembeig, 

Xn Plates, FoL Halle, 1854. 

Ansted, Pbof. D. T.— The Ionian Islands in the year 1863, 8vo., London, 1863. 

Ahthoht, J. G.— -Descriptions of new species of American floviatUe €h»teropods, 8vo. 

Abchbb, MuoB.-*Toor8 in Upper India and in parts of the Himalaya Moontains, with 

aocoonts of the Coorts of the native princes, &Ci voL HI, 8vo., 
London, 1833. 

BaDik, Adolfhb.-- Grottes et cavemes, 8vo., Paris, 1867. 

Baict, W. H. — Figores of characteristic British fossils with descriptive remarks, Pt. 1, 

Pis. I-X, 8vo., London, 1867. 

BABBAiniB, JoACHnc^Syst^me silorien do centre de la Boh^me, YoL 11, 3, PL COXLY, 

CdCL, 4to., 1868. 

Battpbb, J. F^-«£orze doch eigentliche Beschreibong eines bei Altdorf im Nombergischen 

Heoerlich g^ondnen kostbahm ond noch nie gesehenen Ammoniten 
ond Belemniten Marmors den Hohen ond alien corieosen Liebhabem 
vorgeleget von dem Erfinder, 4to., Altdorf, 1754 

BaudBB, J. F.— Beschreibong des kostbahm Altdorfischen Ammoniten ond Belemniten* 

marmors wie solche zom erstenmal im jahr 1754 gemacht ond in dem 
Drocke vorgeleget worden ist von dem Erfinder. 4to., Altdorf, 1751. 

Bbodoub, GAPTAiir B. H.— The ferns of British India, Pts. XYII, XYIII, XIX, 4to., 

Madras, 1867-68. 
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TUie9 4if Boohi. Donort. 

Bmtrr^ Axos.— Terrestrial moUusks and BheUs of the ITnited States^ Yols. I^-IY, edited 

by Gould, Boy. 8vo., Boston, 1851-59. 

BiHirxT, W. G.— Check List of the shells of North America, Terrestrial Gasteropoda (Smith- 
sonian Miscellaneoos Collection), 2nd Edition, Svo. 

Blihtobb, H. F.'^On tilie specific identity of the described forms of Tanalia, 4to., London. 

BoBir.<^Te8taoea Mosei Csesorei Yindobonensis, Boy. Fol. Yindobonxe, 1780. 

BoxBT. — Gatabgue methodiqne et raisonn^ de la collection des fossiles de MUe. El^onore do 

Baab, Vols. I, II, 12mo., Yienne, 1790. 

BovBouiQKAT, M. J. B. — ^MoUusques nonveanz litigieux on pea oonnos, FascL YIII, Svo.* 

Paris, 1867. 

BoiTSltOK, CouKT DS.— A desoriptiTe catal<»ne of diamonds in the Cabinet of Sir Abraham 

Home, Ba/rt,^ with Plates, 4ito., London, 1816. 

BKAUiTy F.«-Yerzeichiuss der in der kieis-natnralien Sammlnng sn Bayreutii befindlichen 

Petrefacten, 4to., Leipzig, 1840. 

BftiSD^ C.^Traite des pierres precienses, des i>ort>hyres, granits, marbres, albrates, et autres 

xoches, propres a receroir lepoH et a omer les monomens pubHcs et lea 
edifices paracaliers, Pts. I, II» 8vo., Paris, 1808. 

Bbosk, H. G.— System der Urweltlichen Konchylien, with Atlas, Fol. Heidelberg, 1824 

Biohk's* Db. H. G.— Klassen nnd ordnnnffen des thier-reichs wissenschaftlich dargestellt in 

Wort nnd Bild., Bo. Y., Liefl 5, Boy. Sto., Leipzig imd Heidelberg, 
1868. 

Bsowv, BoBSBf .^The miscellaneoos botanical works of Bobert Brown, Esq., YoL n» 

(Bay. Society), 8vo., London, 1867. 

CiTULLo, T. A.— Saggio di zoologia fbssile, 4to., Padova, 1827. 

CsAsneBTiBB, J. F. B. — ^MinenJogiBche Geographie chorsachsischen Landee., 4ita, Leipaig^ 

1778. 

Cebw, IL — lUnstrations conchyHologiqaee on descriptions et fibres de tontes les coqnilles 

oonnnes vivantes et fossiles, dass^es smvant le syst^me Lamarck, 
24 Livraisons, Boy. FoL, Paris. 

CHnrr, £j>WABD.~Oontribations to Conchology (of Profl C. B. Adams), No. 1, Terrestrial 

and flnviatile shells of Jfunaica, 8yo., 1853. 

CoiTBSjuaE, Bby. W» D., Ain> Phillips, Wic. — Outlines of the Geology of England and Wales, 

with an introductory compendium of the general principles of that 
science and comparatiye views of the structure oi foreign countries, 
Pt. I (all published), 8T0.y London, 1822. 

CioizBT, L'AsBB, XT JoBEBT, AiNB.— Becherches sur les oesemens fossiles du department du 

Puy-de-dome, 4to., Paris, 1828. 

Cbossb, M. H.— Observations sur le genre, et description de trois esp^ces nouvelles avec un 

catalogue alphabeiique des Uones actueUement connus, 8vo., Paris. 

CirviBB, G.-*Memoire sur les esp^s d'^l^phans vivants et fossiles, 22 pp. 4to., Paris. - 

CuYPKB, De, M. Ch.— Bevue de Texpodtion de 1867, public par la Bevue Universelle des 

mines, de' la Metallurgie, destiavaux publics des Science et des Arta 
appliques a 1* industrie sous la direction, Liv., la, 2, 2a, 3, and 3a, 
8vo., Paris and Liege, 1867. 

Daubb^ a. — Bapport sur les proeres de la G(eob^e experimentale. Bee de rapp. s. 1. progr. 

des lett. et des Sd. en France, Boy. 8vo., Paris, 1867. 

D'Abchiac, A.— Pal^ntol^e de la France. Bee. de. rapp. sur les progr. des lett et des Sci. 

en France, Boy 8vo., Paris, 1868. 

I^AyiosoE, Thos. — A few remarks on the Brachiopoda, 8vo« 



44 Beeards of tie Oeological Survey of India. [vol. i. 

Titles of Books. Donors. 

D'AuBUissoir DB V018IV8 (translated by J. G. Tnenumn). — Geognorie oder DarsteniiDg 

der jetzigen Kenntnime iiber die phys. a. min. Beechafienheit der 
Efdktigel, Bd. 1, 11, 8vo., Dreedeii, 1821-22. 

Dmeeum, W. — ^Astro-Theology or a demonstiatioii of the Being and Attributes of God| fiom 

a Survey of the Heavens, 8vo.| London, 172L 

DoLLrus-AuBSBT.^-Materiaox poor Tetiide des glaciers, Tom. VII, 8vo., "Pkob, 1867. 

Dovx, H. W.— Uber Eisieit, Fohn nnd Sdiocoo, 8vo., Berlin, 1867. 

EicHWALD, Db. EDWJjiD.<»Bei8e anf dem oaspisdien Meere nnd in den Caacasns, Bd. I, 

PtB. I, II, 8vo., Statigart and Tubingen, 1834^. 

Ekoblb, J. A.— Flora der Vorwelt, aus dem Werdensohen Steinkohlengebirge, 4to. 

Ettivgshausek, 0. B. tok.— 'Die Famkrauter der Jetzwelt zur Unteisuohung und Beetnn- 

mung der in den Formationen der Erdrinde eingeschloBsenen Ueber- 
xeste von vorweltiiohen Arten dieser Ordnung na^ dem Fladiemskelet 
beearbeitet, FoL, Wien, 1865. 

Fatbb, a.— Obeervations sur les diecraSf 4U>., Geneve, 1843. 

FLBKiKe, JoHK. — ^History of British Animals, 2nd Edition, 8vo., London, 1842. 

Flxxiho, Johk. — The Philosophy of Zoology, Vols. I, II, 8vo., Edinburgh, 1822. 

FuBMOirT, Bbxvst OiFTAiK J. C.—Namtive of the exploring expedition to the rocky Moun- 
tains in the year 1842, and to Oregon and North California in tiie 
yean 1843-44, with a map and iUus&ations, 8vo., London, 1846. 

Fbitboh, K. v., Habtiko G., mn> Buss, W. — Tenerife, geologisch-topographisch darges- 

tellt, Fol., Winterthur, 1867. 

Gaitdik, Ch. Jh. bt Dblahabtb, Ph. — ^Flore Foseile des environs de Lausanne, 8vo., 

Lausanne, 1856. 

GBmoBLLiBO, G. G.-^Monografia del genere IHeria (Mathenm), 4to., Palermo, 1868. 

Gbbv^ais, Paul.— Kouvelles recherches sur lesanimauxvertebres dont on trouve les ossements 

enfouis dans le sol., Ser. I, Liv. 6, 7, 4to., Paris. 

Gmbliv, S. G.— 'Beise duroh Bussland zur untersuohung der drei natur Beiche, TheiL 1, 2, 3 

4to., St. Petersburg. 

GoBBBL, Db. Fb.— Beise in die Steppen des sfLdlichen Busslands, Theil. 1, 2, and Plates, 4to., 

Dorpat, 1837-38. 

Gould, Auausrus A.-— Expedition Shells, described for the work of the United States explor- 
ing expedition, commanded by C. Wilkes, during 1838-42, 8vo., 
Boston, 1846. 

Gbiffxth, WiLLlAV.— JoumalB of travels in Assam, Birma, Bootan, Affghanistan, and the 

neighbouring countries, 8vo., Calcutta, 1847. 

Gbokotii, L. Th. — Museum Ichthvologicum, sistens pisdum indigenorum et quommdam 

exoticorum, oc., Fol., 1754. 

Haatkbb, Jacob. — ^Loteeyallen op eene reize von Madras, over Tranquebaar naar het eiland 

Oeilon. I, ovo., Amsterdam, 1826. 

Haafhbb, Jacob. — ^Beize te voet door Het eiland Ceilon, 11, 8vo., Amsterdam, 1826. 

Haafhbb, Jacob. — Beize ineenen palanquin of btgenvallen en merkwaardige aanteekeningen 

op eene reize laiiffa de kuswn Orixa en Choromandel, III, lY, 8vo., 
Amsterdam, 1827. 

Haidikgbb, Wilhblm.— Ueber das^ Yorkommen von Pflanzenresten in den Braunkohlen 

und Sandstein-Gebilden des Elbonier Kreises in Bohmen nebst 
einigen damit zusammenhangenden Semerkungen, 4tio., Prag, 1830« 

Haldbxak, S. S. — A monograph of the fresh water univalve molhuca of the United States, 

Boy. 8vo., Philadelphia, 1842. 
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TUU9 fff Boolu. Bonart. 

Hawkuts, Thomas.— The book of iho Great Beapdngons, Lskik^/ammn and J^lenommH 

with thirty plates, FoL, London, 1840. 

TT«r.T.»»j Pbop. Db. C^-Boitrage znr naheienKenntnifls der Mjooraitrent dro. 

HnJooaBH, G. ]>b. — Dea giaementa de Ghadbon de tene en Baaaie, Boy. 8to., St Peton. 

1866. 

HocHBiBTKBBy Db. F. YoK.— New Zealand; ita phyncal ffeography, seology, and natorai 

history, with special reference to the results of Grovemment expedi- 
tions in the proyinoes of Anddand and Nelson, Boy. 8yo., StntiJ^art, 
1867. 

HoHnrGHAUB, F. W.^— Beitrag sor Monographie der Gattong Cramth 4to., Grrfeld, 1828. 

HusT, Jaxbb. — ^AmiiTenniy addreaa delivered before tibe Anthropological Society of London, 

Jannary 6th, 1864^ 8vo., London, 1864. 

JooiB, G. F.t ^ 2>.*-*neber die fbssUe Beptilien, welbhe in Wnrtemberg an^efiindea worden 

aind., 4to., Stuttgart, 1828. 

Jabdutb, Sib Wz£UAM.«^he Ichnology of Annandale, or illnstrationa of foot-maiks im- 
pressed on the new red sandstone of ComcoGikle Mnir., Boy. FoL, 
Edinburgh, 1858. 

Jat, Joxor C^— A oatalogoe of the sheDa of, 4th Edition witili a aapplement^ 4to., 

New York, 1860. 

JxfVBBiB, J. Gimr. — ^The upper tertiary foasik at UddevaUa in Sweden, 8yo., London. 

JirraBfTB, J« Gmm.— Beumrks on StUifhr, a genos of quaaiparasitie mdllnaks, witb parti- 

colars of the European species 8. Turtonif 8vo. 

JiKYia, LnuT. H. — ^Narrative of a journey to the fidls of the Caveiy, witb an historical 

and descriptive account of the Neilgherry Hflls, 8yo., Lend., 1834. 

JovAS, Db. J. H.-^Molhukolog]sche Beitrage, Tafl., YU-XI, 4to., Hambui^h, 1844. 

JoBBS, J. MAXHBW.-*Clontribu1aona to the natorai histoxy of the Bennudaa, 8yo., Hali&x, 

1864. 

Kauihabk, F. Jos.— Ber Filatos, (^eologiach untenocht und beschrieben, 4to., Bern., 1867, 

with Atlas Folio. 

Eavp, J. J.— Descrqption d'ossements fossiles de mamnufe wa inoonnusjusqu'a present, oui se 

trouvent au Museum grand-ducal de Darmstadt, avee figims fitho* 
ghraphie^, Cahier, 1-4, 4to., Dannstadt, 1832-35. 

KuBBB, L. C. — Species g&i^iid et iconogiaphie des coquillea yivantds, Yola. I — XII, Boy. 

8o., Paris. 

Kranifinr, Athakasius.— Mundus aubterraneus in XII Libros digestoa, FoL, Amster- 
dam, 1776. 

Ebob, G. W.*-De natuurlyke histoire der Yersteeningen, 4 Vols., Folio, Amsterdam, 1773. 

Kbaus, Pbob., DB.«-Neue^ Kape'che MoUusken, als zusata zu meiner Schxift ** die sudafii- 

kanischen Mollusken," 8vo. 

KuBBTBB, H. 0. — Systemati sches conchylien-Cabinet yon Martini und Chemnitz, Bd. I, 

Hf. LXXVin, Lief: 186, 4to., Niimburg, 1868. 

Lba, Isaac. — ^A Synopsis of the £unily of N<Uades, 2nd Edition, 4to., Philadelphia, 1888. 

Lba, Isaac. — Bectifioation of Mr. T. A. Conrad's Synopsis of the ** Family of Naiades of 

North America," 8vo., FhiL, 1854 

Iaa, Isaac.— -Description of new species of shells extracted from Proc Acad. Nat. ScL, 

Philadelphia, 8vo., Phil, 1857-62. 

Lico^ Hbbbt.— -Les ^poques g^logiques de TAuyergne, Tom. I — ^V, Boy. 8yo., Paris, 1867. 
Leobhabp, B. C.'Yolcanen-Atks zur naturgeschichl^ der Erde, 15 maps, 4to., Stuttgart, 

1844. 
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Titles of Boohs. Donon. 

Like, M. J. G. — Histoxia nataraliB casioris et moschi, small, 4(0., lApnas. 

LiSTXB, M.— Historic sive Synopsis methodicsB oonchylionim et tabularum anatomicanmi ; 

editio altera, Folio, 1770. 

Luim, M. A.— Becherches snr lea envelloppes d'oenfs des Mollixsqaes €k»teit>pod68 

pectinibranches, avec des observations physiologiques snr les embiyons 
qui y'sont contenns, 8vo. 

Ltxait, Theoix>bb.— >IIlnBtrated catalo^ne of the Mnseom of Comparatire ZSoology at 

Harvard College, X^o. 1, Boy. 8vo., Cambridge, 18|U». 

Maboollb ST ZuBOHEB.— Les m^t^res, 2ad Edition, 8vo., Paris, 1867. 

MiBTBHS, E. Y.—- Die prenssische Expedition nach Ost-ABien, Zoologisoher TheiL, Bd. I, I, 

and n, Boy. 8vo., Berlin, 1865-67. 

Mabsok, Chablxb.— ^Narrative of various ionmeys in Baloochistan, Afgliyw^^n^ and the 

Puigab, YoIb. I, II, III, 8vo., Lond., 1842. 

Mabsok, CHABiiBS.^'Narrative of a journey to Kelat, including an aooount of the insav- 

reetion at that plaoe m. 1840, and a Memoir on Eastern Baloochistan, 
8vo., London, 1843. 

MiCHBioTTi, G.— Sagno storioo dei Bizopodi oanatteristici dei tenani sapnusretacd* 4to., 

Modena, 1841. 

MiXiins-EDWABDS, A. — ^Becherchea anatomianes et Pal^ntologioues pour aervir a lliistoire 

des Oiseauz fossiles oe la Franoe, Liv., 8, 9, 16, 1^7, 4to., Park, 
1867. 

MiTCHBLL, Ma/ob T. L.— Three ezpeditionB into the interior of Eastern Australia^ Yok. I, II, 

8vo., London, 1839. 

MoBSCH, Cifl. — Gkologische Besdireibune des Aargauer Jura, und der Nordlichen Gebiete 

des E[antons Zurich, 4to., Bern., 1867. 

MouBSoir, Albt.-— CoquiUes terrestres et fluviatiles recucilGes par M. C. Pro£ Bellardi dians 

un voyage en Orient, 8vo., i2urich, 1854. 

MoussoK, Alb. — Coquilles terrestres et fluviatiles recueillies par M. C. Prof. J. B. Both 

dans son dernier voyage du Palestin, 8vo., Zurich, 1861. 

Motrssoir, Axb.— Coquilles terrestres et fluviatiles de quelques ilea de I'ooe&n padfique le* 

cueillies par M. C. Dr. E. Graefle, 8vo. 

MoxBCH, Otto A. L. — Beview of the genus TeTiagodus, Guettard, 8vo. 

MoEBOH, 0. A. L. — Catalogus oonchyliorum quse reliqjiit d. Alphonsa d'aguirra, Ac., aoephala, 

annulata, cirripedia, echinodennata. Fas. 2, 8vo., Ha&i», 1853. 

MUXLLBB, C. F. — ^Yermium terrestrium et fluviatilium sea animal ium infusoriorum, heUnino 

ihioomm et testaoeorum non marinorum suodncta historia, Yols. I, II, 
4to., Hafhise, et Lipsim, 1773-74. 

MuBLLBB, JoH.— Ueber die fossilen Beste der Zeuglodonten von Nord America mlt Buck- 

sicht auf die europaischen Beste aus dieser Familie, FoL, Berlin, 1849. 

MuBLLBBy Th.— Synopsis novorum generum, specierum et variotatum testaceorum 

viventium, anno 1834, prommg., 8vo., Berolini, 1836. 

MtTNBTBB, Gbobo. Gbafv zu. — Ueber die Planvliten und Chniatiten bn Ueber-gangs-kalk 

des Fichtelgebirges, 4to., Bayreuth, 1832. 

Nbwcoub, Wbblby. — ^Description of a new species of Selix from Bbugainsville Island, 8vo. 

NiLSSOH, SvBK. — The primitive inhabitants of Scandinavia, drd Edition^ edited by Sir J. Lub- 

Dock, Bart., 8vo., London, 1868. 

Oxford Essays contributed by Members of the University, 8vo., London, 1855. 

Paladilhb, M.— Nouvelles MLsoellanies malaoologiques, FascL, II, Boyal 8vo., Paris, 1867* 
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Pabksb W. K. ^A monogmpli on fhe stracture and development oF ihe slioiJder-^idLe and 

stemom in the vertebrata(Ray Society) FoL, London, 1868. 

PuTDSB, C. H. UKD Alton Ed. d'.— Vergleichende Osteologie, Pol., Bonn., 1821. 

Ppsotib, Db. L.—^VeTZfiichni88 der dorcli Herm Dr. Y. Tachadi in Pem gesammelten Con- 

chylien, 8to. 

Phuxppi, DSh A.-*Bemerknngen ulwr die Mollnskenfanna TJnter-Italiens in BezieHnng auf 

die geoffraphifldie Yerbeitong der Mollasken und aof die Moliusi&en<* 
fauna Ssr Teriiarpeiiode, 8yo» 

Philufi, Db. A. — ^Zoologiache Beobaohtnngen, 8vo» 

Yfoiun Db. B. A. — ^Abbildnngen nnd Besobreibnngen nener oder wenig gekammier Con- 
' diylien, Bd. I, II, IH, 4.to., Caasel., 1846. 

Phillips. J. Abthub.— The mining and metallurgy of gold and silver. Royal 8vo., London, 

1867. 

PiczBT F. J.— Mat^riaoz ponr la paleontologie Snisge on recndl des monographies snr letf 
' * ' foeailes da tfnra et des AJps, Ser. 4th, Liv. 9, 4to., Qeneve, 1867. 

Platfaib, Johh.— The works of—, 4 Yols., 8vo., Edinburgh,- 1822. 

PoXBOir A. T.— ^andbuch der Steinkohlen-bergbaues oder Darstellung des in der bedeutend* 
' ' sten Stieinkohkn-Bergwerken Europa's zur Aufsuchung; Gewinnungi 

und Forderung der Breabaren Mineralien angewendeten Yerfahzensy 

mit Atlas, 4to., Wiemar, 1866. 
PooLi, B. S.— The genesis of the Earth and of Man, 8vo., Edinburgh 183^6; 
Pbiio, Tkmplb.— last of the known species of Pisidium with their synonymy, 8vo. 
Pbimb, Tbmplb.— Monograph of the species of Bphteriim of North and South America, 8vo.> 

mi, 1862. 
IUbot LA.uBwrT.— Habitations lacustres de la Savoie, !&ne. M^moire, 1 Album, 17 Plos., 

' Boyal 8vo., Chambery, 1868. 

BnvB, LovKLL.— A revision of the history, synonymy and geographical distribution of the 

BirvAUi), J.— Histoire ^Mmentaire des mineraux usuels, 2nd Editiwi, 8vo., Paris, 1867. 
BoBMEB, Cabl Pbbp.— Das Bheinische Uebergangsgebirge, 4t<k, Hanover, 1844. 
BosB GuBTAV.— Beschreibung und Eintheilung der Meteoriten auf Grund der Sammlung im 
' * mineralogischen Museum zu Berlin, 4to., Berlin, 1864 

BoflsiLfi88LBB B A. — Die versteinerungen des Braunkohlen sandstein aus der gegend von 
' * Altsattel in Bohmen., Hf. I, Boyal 8vo., Dresden und Leipzig, 1840. 

BosBXSBSLKB Pbo». B. A. — ^Iconographie der Land und Siisswasser-Mollusken, mit yorziip 
* glicher BeriicksichtiguDg der europaischen noch nicht abgebildeten 

Arten, Boyal 8vo., Dresden und Leipzig, 1836-39. 

Sav TftoMAa.— Description of the land and fresh water shells of the United States, with 
fiAV, iTOMAB. x/«H. y^^ translation in French, 8vo., Phil., 1819. 

Sat Thomab —American Conchology, or descriptions of the shells of North America, YoL I, 
* ' Nos. I-Y, and a Glossary to Say's Conchology, 8vo., New Harmony, 

Indiana, 1830-32. 

ScHLirrBB. Pb — KuTwrefasstefl systematisches Yerzeichniss meiner Conchylien sammlung 
»v»<v«i», . ^^g|^ Antoitung aller bis jetzt von mir bei Halle gefundenen Land 

und Fluss conchylien, 12mo., HaUe, 1838. 

BcHBiNK D'Lbopolp V.— Beisen und forschungen im Amur-lande in den Jahren, 1864-66, 
' Mollusken des Amur-lSndes und des Nord ja^nischen Meeres^ 

Bd. II, Lief. 3, 4to., Si Peters, 1867. ' 

2> 
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Smelt, Jobjx Bi ^The WonderB of Ellom ; or the nanatiYe of a journey to the temples 

Bud dwellings excavated out of a monntain of granite, and extenaing 
upwards of a mile and a quarter at Ellora, in tae East IndieSi 8vo., 
London, 1824 

Bowebbt's Genera of Shells, Vols. I, tl, 8to. 

80WBBBT, G. B.-^The conchological Ilhistrfttions, 8to., London, 1841. 

8tbbn8 muF, J. J. 8x. — Bhizockilus anHpaikiwmj Stp. en til Purpura^ familien horende 

ny sle^ og art of 8ne|^e, Ac, Ac., 4to., Ejobenhavn, 1853. 

Btbikinoxb, JoHiKV. — Geognostische stadien am Mittelrheine, 4 Farts in 1 Yolome, 8yo^ 

Mainz, 1819. 

SxBiKnroBB, J.— Geognoetisohe Beschreihong dee Landes zwisbhen der nntem Saar and 

dem Eheine, 4to., Trier, 1840. 

Stbtbits, Db. B. p. — Bemarks on the Taconic System, 8to. 

TBBinsB, M.— -Catalogae des moUosqnes tenestres et flnviatQes obeeir^ dans les posaeeioiia 

Francaises, an Nord de TAfrique, 8to., Paris and Lyons, 18^. 

Tbssik, Dou. Cab. Gist. — ^Mnsenm TessiaBiim, opera iflustriflrimi oomitiSf ^^ dJEc^ FoL| 

HolmiiB, 1758. 

Thbobald, G.— Die Sud osUiohen gebirge Ton Graabunden* 4to., Bern., 1866. 

Thoicsok, Thomas.— Western Himalaya and Tibet, 8vo., London, 1852. 

Tboost, G.— 'Fifth Geological Beport io the twenty-third general assembly of Tennessee, 

Svo., NashtiUe, 1840. 

Tboschbl, Db. F. H.— >Das gebiss der Schneeken znr bergrundnng einer natorlichen olassi* 

fication, Bd. I, II, 1, 2, 4to., Berlin, 1856-68. 

Valyabobs, J. B.— -Die Ehre des Herzogthoms Grain, TheiL 1, 2, 8, 4, FoL, Laabach, 1689. 

Yiokb, 0. T. — ^A personal narrative of a risit to Ghozni, Kabul, and Affghanistan, Imd of a 

residence at the Conrt of Dost Mohamed, &c., &c., 8to., London, 1840. 

ViGKB, G. T.— -Trayels in Kashmir, Ladak, Iskatdo, Yols. I, II, with mi^^ 8vo., London, 1842^ 

Toot, Cabl. — ^Lehrboch der Geologic nnd Petrefaotenkonde, PilV, Bd. I, 3ided., 8yo., 

Braunschweig, 1868. 

Waldik, J. G.*-Die Frankeiiberger Yerstemerongen, nebst Shrea iTrspnmg^ 4to., Marburg^ 

1778. 

WiLDB, W. B.-*A descriptiTe catalo^e of the antiquities in the Museum of the Boyal Irish 

Academy, articles of stone, earthen, yegetable, and animal materials; 
and of copper and bronze, Yol. I, 8to., Dublin, 1863. 

WiLDB, W. B.— Catalogue of the antiquities of gold in the Museum of Bqyal Irish 

Academy, 8T0.9 Dublin, 1862* 

Zbjszkbb, L. — Pakeontologia polska, Pt I, 8to., Warszwa, 184i6. 

Zbjbzkbb, L.— Nowe lub niedoklandnie opisane gatnnki skamianialosci tatrowych, Pt. I, 

4to., WarszawB, 184o. 

ZbuSchneb, Pbov. Db. L.— Palseontoloeische Beitrfige zur Kenntniss des Weissen yaSh 

kalkes von Inwald bei Wadowioe, 4to., Prag., 1857. 

Ziovo, B. A. DB.— Flora fossilis formationis oolithicee, Pts. m, lY, Fol., Padua. 

ZuBCHBB, et MABaoLLB.— Yokans et tremblements de texxe, Syo. Paris, 1866^ 
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Amerieui Journal of Conchology, Vols. I, II, III, Parte 1—3, 8vo., Philadelphia, 1866—67. 

Ajserican Journal of Science and Arte, YoL XLIII, 1^—129 1 XLIY^ 130—132 ; XLY, 

133, Svo., New Haven, 1867-68. 

Annalea de Chimie et de Physique, Ser. 1, Tols. I— XCV^ Ser. 2, Vols. I— LXXY, Ser. 3, 
Tola. LXXYI— CZMY, Ser. 4, 1—3. Indices, 5 Yola., Paris, 1816.64. 

Annales dea Mines, 6me. Ser. XTT, Livr. 4, 6, 8yo. Paris 1868. L'Admikistb. dbs MnrBS. 

Annals and Magaane of Natural Histoiy, 4^ Ser., Yol. I, 2—5, 8¥0., LondoUi 1868. 

Bngineer's Journal, Calcutta, Yol. XI, 4, 5, 1868, 4to. 

Geological Ma^azine^ YoL Y, Nos. 2 — 6, 8vo., London, 1868. 

Journal de Conchjliologie, 8me. Ser., Tom. YUI, No. % 8vo., Paris, 1868. 

Keues Jahrbach fiur Mineralogief Geologie und Paleontologie Hft. 1, 2, 1868. 

HoriUtea Conchologic», Abth. I (Dr. L. Pfei£fer), Lief. 19, 20, 4to., Cassel, 1868. 

„ „ Al>th. n (Dr. W. Dunker), lief: 13 tf n h 

PulfiMmtogTaphica, XY, 6, 4to., CasseL 

Petennann, Geographische Mittheilungen, 4to., Gotha, Hft. 1-^4, 1868. 

ProCeeaional papers on Indian Engineering, Boorkee, Yol. Y, No. 19. Ma/OB Ubdlbt, R. B. 

i^aarteriy Joumal of Sdenoe, YoL Y, No. 18, London, 1868. 

Qaarterly Joumal of Mlcrosoopical Science, New Se£, No. 30, 8yo.» London, 1868. 

.Zookgist — The— conducted by Ed. Newman, Yols. I— XYI (bound in XI) 8yo., London, 

1843—68. 

JSookgieal Joamal— The— conducted by Bell, Childrei\, Sowerby, Yigors, dLC^ Yob. I— Y, 

8vo., London, 1824-35. 

GOTBBVKENT SELECTIONS, &C. (FBOM THB Gk>TEBKMEirr8). 

BoxBAT. — General Beport on the administratioii of the Bombay Presidency for 1866-67* 
N. W. PBOYXXCsa.*— Appendices to Beport on administration of— for 1866*67. 

„ Beport on meteorological observations in the North- Western Provinces, 

by Murray Thomson, ic. i>. 
Beport of Principal of the Thomason Civil Engineering College for 
omdal year 1867-68. lifAJOB J. G. Mbdlbt, B. E. 

PuKJAB.-^Annual Beport of the Lahore Lunatic Asylum for 1867. 

' NiGimL^-Chief Commissioner's Beport of Ethnoloirical Committee on papers laid before 

them, and upon examination of specimens of aboriginal tribes brought 
to the Jnbbulpore Exhibition of 1866-67. 

' Bbnoal. — ^Beport on cattle diseases, by Pr. McLeod. 

IjrDu,— List of Civil Officers liolding gazetted appointments to Ist of January 1868. 
„ Ain-i-akbari, Paso. 4, 6, BiUiotheca Indioa, New Seiies, Nos. 120, 122. 
„ Annual Beport on operations of the Post Office fox 1866-67. 
„ Annual Beport on administration of the Province of Oudh for 1866-67. 
„ Beport of the revenue administration of the Province of Oudh for 1866-67. 

Ditto .ditto ditto. Part II, Settlement 

„ Beport on administration of Penal Settlement of Port Blair, Andaman Islands, 

for 1866-67. 
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TiUea €f Boohs. Donor*. 

Ikdu.— Annals of Indian administration, 1866-67, YoL iULl, Part I. 

,1 A oollection of ensting Bules for the sale in fee flimple of waste-laadfl in India 

(compiled for Home Department). 

TSAHSACTIOKS OV SOCIXTIBS, &0. 

AxsTiBDAM.— Teffaandelineen der Eoninklnke Akadoaie van Wetenschallen, 4to.. Bed 

I, II, IV-IX, 1864-61. 

BlSBLiN.^— Zeitaohxift der deatsoken Geologisdien OeseQechaft, 8vo., Bd. XIX, Hft. 4. 

The Societt. 

BoK5.— 'Yerhandlcmgen des naturhistoiiBchffli Vereines der I^nBsifloIien Bheinlande and 

Westphalens, Jahrg. XXIU, Folge. Ill, Bd. 8, Hft. 1, with map, 
8vo., JBonn., 1866. 

BosTOir. — Proceedings of iiie Boston Society of Natural Histoiy, 8vo., Yel. X, pp. 289-418: 

Vol. XI, pp. 1-96. Tn^ Socibtt. 

9, Condition and doings of the Boston £k)C of Natural History, 8vo., Boston. 

Thb Socibtt. 

Bbbslau.— Jahres-Benoht der Schlesisclien Gesellscliaft for Yaterlffindisclie Enltnr, 4to., 1847 

(26) : 1849 (27)— 1866 (33). Db. M. Horhb8. 

Bbusssls. — Bulletin de TAcad. Boy. des Sciences, des lettres, et des Beaux-arts de Belgiqne, 

2 Ser. 36me ann. Tom XXIY, 8vo. iks Acadbmt. 

Annuaire de I'Acad. Boy de Belgique, XIY, 12mo. Dino. 

IT^moires couronn^, et autres m^moires publies par I'Acad. Bc^. de Belgufoe, 
8vo., Tom. XIX, XX. Thb Aoapbmt. 

M^moires couronn^, Ac, 4to., Tom. XXXIH. Dmo. 

M^moires sur les questions piopos^es par 1* Acad, impenale et n)yale des sdenoes 
et belles lettres de Bruxelles, 4to., Tom I— lY, 1776—1784. 

M M^moires de I'Academie impenale et royale, des sciences et belles lettras. de 

BruxeDes, 4to., Tom. I— lY, 1777-83. 

„ Nouveaux M^moires de TAcad. royale, des sciences, et belles lettras. de Bruxelles. 

4to., Tom. I— XIX, 1817-46. ^ 

„ M^m. de I'Acad. roy. des sciences, des lettres, et des Beaux-arts de Beiriaue. 4to.. 

Tom. XX— XXXY, 1847-64. * ^ ' 

M^oires sur les questions propose par I'Academie Boy. des scienoes. Acu 
de Belgique, 4to., Tom. I— Y, 1818-26. ' 

M&noires couronn^s par I'Acad. royale, des sciences, et belles lettres de Bruxelles. 
4fco., Tom. YI— XIY, 1827-42. "**«"«, 

M^moires couronn^s, et Mem. des sarants Strangers public w» I'Acad. roy. des 
scienoes, et belles lettres, de Bruxelles, 4to., Tom. XY— XVIII, 
1843-46. 

M&noires publics par I'Acad. roy. des sciences, des lettres, et des Beaux-arts 
de Belgique, 4to., Tom. XIX— XXXII, 1847-66. 

Calcxtpta.— Journal of the Asiatic Sodety, Bengal, Pt. I, No. 1, 1867— Pt H, No. 1, 1868, 

8vo., Cslcutta. Xhb Socirt. 

„ Index and Contents of YoL XXXYI, Pt. H, 1867. Ditto. 

„ Proceedings of the Asiatic Society, Bengal, 8vo., Nos. ^^, 1868. Ditto. 

n Total eclipses, and the total eclipse of 18tb August 1868, by Major J. P. 

Tennant^ E. E., 8vo., Calcutta, 1868. Ditto. 
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TUUs qf Books. Donors. 

CiiCDTXAf-^Aimiial B^it of the Geological Survey of India and of the Mnsenm of 

Geology for 1867, Svo., Galcatta. Thb Sitstet* 

„ Beoordfl of the Geological Survey of India, YoL I, Ft. 1, 8to., Calcutta. Ditto. 

DuoK. — ^M^moiree de rAca d. im periale des sciences, arts, et belles lettres de D^on, Tom. 

Xn, Xm, 2me. Ser. 1866-66, 8vo. Thb Subtby. 

DxnDBB. — Sitmngsberichte der naturwiss. Gesellachafty Isis, Dresden, Kos. 2-12, 

Februaiy — December 1865, Nos. 1 — 6; January — June 1866, 
Nos. 7—12, 1867-68, 8to. Thb Socibtt. 

„ Sehnee Kxystallen beobachtet in Dresden, 1845-46. Ditto. 

n (Jena) Yeifaandlungen der Kais. Leop^ino-Carolinisehen deutschen Academie 
der Naturforschen, 4to., YoL XxXIIL Thb Acapbxt. 

DvBtnr.— Journal of the Boyal Dublin Society, Ko. XXXI, 1864. Thb Socibtt. 

Fiukkfobt ok MAiK.-*Museum Senckenbergianum, Bd. I, lY, Ft. 1, 4to., 1834-39. 

GiNBTA. — ^M^moires de ITnstitut National, Generois, 4to., Tom. I— Ym, 1854-62. 

G<nTUioBB. — ^Abhandlungen derXoni^chen Gesellschaft der Wissenschaften, Gottingen, 

4to., Bd. Xni, 1866-67. Thb Socibtt, 

M Kacfariohten von der X. Gesellschaft d. Wissen. und der Geoi^-Augu«t s 

Uniyersitat, a. d. Jahre. 1867, 8vo., Gottingen. Thb Socibtt. 

HiLLB.— Abhandlungen der Naturfbrschenden Gesellschaft zu Halle, 4to., Halle, Bd. I — IX, 

1853-66. 

LiSBOv. — ^Historia e Memorias da Academia R. das Sciencnas de Lisboa, 2nd Ser., Tom. I 

Ft. I, II : Tom. U, Ft I, II : Tom. UI, Ft. I, II. FoEo, Lisbon, 
1843-56. 

LoBDov.— Fhilosophical Transactions of the Boyal Society of London, 4to., YoL CLYI, 

Ft II, CLYII, Ft 1, 1866-67. Thb Socnmr. 

FiooeedingB of the Boyal Sodety of London, 8vo., YoL XYI, Kos. 97—100. 

Thb Socibtt* 

List of Fellows of the Boyal Society, 30th November 1866. Ditto. 

n Quarterly Journal of the Geolc^cal Society of London, YoL XXIY, No. 94, Svot 

Thb Socibtt* 

n Frooeedings of Geologists' Association, 8vo., Nos. 1»>10. Fbov. Tbkbaht. 

M Frooeedings of Boyal Geographical Sodety, Svo., YoL XII, No^ 1. 

Thb Socibtt. 

„ Froceedings of the Boyal Institution of Great Britain, YoL m. Nob. 31, 32 : 

YoL Y, Fts. I, II, Nos. 45, 46. Thb Institution. 

„ Additaons to the Idbraiy of Boyal Institution, July 1859 to July 1860. 

Thb Institution* 

„ Journal of the Sooie^ of Arts, ^, YoL XYI, Nos. 793—801, 803—807, 8vo. 

Thb Socibtt. 

„ Ditto ditto Yols. I XY, 8vo., 1852— 67. Ditto. 

tfniv.—Atti della Sodeta ItaHana di Sdenze Naturali, Mihmc^ YoL IX, Fasc 3 : X, 

Fasc 1, 2, 8vo., 1867. 

Moscow.— Bulletin de la Sod^t^ Imp^rial^ der Natuialistea de Moscow, Svo., Tom. XL, 

No. 2. Thb Socibtt. 

MvNicH. — ^Annalen der Koniglichen Stemwarte bei Munchen, 8vo., Munich, Bd. XY, XYI. 

Thb Bayabian Acapbht. 

n Sitzongsber. der XonigL Bayer. Akademie der Wiss. zu Munohen, Bd. I, Hf. 4u 

Thb Bayabian Acapbxt. 
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KxwcASTLE OH Tnrs.— TnnsMilionfl of tiie Tyneside NaiorBHsU' Tield dab. 8to.. 

Vol». I— VI, 1860.64. 

NswHATBiTy CoKK.— TnouaetioDfl of Comnectioiit Aeademy of ArU and Scmdom, YoI I, 

Pt I, 8yo., 1866. Thb Acadsmt. 

PjLBis.^Bii]letiii de la Soc. G^ologiqiie de France, Sme. 8er. Tome XXY, I, XXIII. 

,f H^moires de TAeademie dee Soienoee de rinatitate de Franoef 4fto.9 Tom* I— XXXIY. 

1815-1864 

9, Comptes rendofl hebdomadaires dee g&inoes de VAjcademie dee Sdenoee, 4to. Tom. 

I— LVn, 1866^. 

PETSB8BUB0H.-«<bmmentarii Academie Sdentiarom Imperialia PetropoliiaQfl^ Tom. I — ^XIV. 

4to., 1728.1761. 

KoYi Commentarii Aeademie Sdeatiaram Imp. Fetroi poli taatBt 
Tom. I— XX (XIY in 2 parte), 4tD., 1749-1776. 

Acta AcadomuD Scientianim Imp. FetnypolituuDy Tom. I — XTT^ 4to.9 1778- 
1786. 

KoTa Acta Acad. Bdent. Imp. Petropoliiane, Tom. I— XX, 4to., 1787^- 
1806. 

^ H^moires de I'Acad. Lnp^nale, dee Sciences de fit. Fetersbnrr, Staie Ser., 

Tom. I— XI, 4to., 1809.1830. 

M Bofleimde TAcademie Imp^riale, dee Sdencee de St. PeteiBburg, 4(o., 

Tom. XII, 4. 

PHiLa2>auPBiA.-^onmal of the Fran]din Institote^ YoL UY, No. 6 : YoL LT ITos-l.^, 

8vo., Fhilad. Thb Institutb. 

„ ProoeedSngs of tlie Amexiotn Philoeopbical Society, 8to., YoL X, No. IQ. 

ThbSociett. 

Salbm. — PiooeedanflS of the Essex Institute, Bblem^ YoL IY» 1—4, Jan. to Dec. 1864 : 

6—8, Jan. to Dec 1866 :' YoL Y, 1, 2, 1866, 8vo., Salem. 

Thb Ikstitutb. 

The NatoraHst's IHiectory, Pt I, North America and West Indies. Ditto. 

'Stoceholk.*— KonffL Svenska Yetenskaps Akademiens Handlingar, 8vo., Tom. I— XL, 1739 

-1779. 

. „ „ Nya Handlingar, Svo., Tom. I— XXXIY. 1780- 

1812. 

Ebngl. Yetenskaps Akademiens, Handlingai^ 8vo., Tom. 1813-1836. 

*Stuttoabt.— Wiirttembergische naturwiasenchafUiobe Jahieshefte, Jahrg., XXIV, Hf. 1, 2, 

8to., Stuttgart, 1868. 

^FrBiB.— Memorie della Academia delle Scienze di Torino, 2nd Ser., Tom. XXI, XXII, XXIII, 

4to. Thb AcADBXT. 

Atti della BesL Academia d'Scienze di Torino, Tom. I, disp. 1-7; II, disp. 1-7; 
^ in, d. 1, 8vo., 1866^7. Thb Acadbmy. 

Ubsal.— Nova Acta zegis Sodetatis Scientianun Upsaliensis, Ser. Ill, Yols. I— Y (7 parts), 

4to., TJpSaI]£B, 1866.65. 

YiBVKA.— Jahrbnoh der E. E. Geo logisc hen Beichs-Anstalt, Boysl 8vo., Bd. lY, Hft. 1, 2, 1863. 
Ditto ditto Bd. XvII, 1—3, Jan. to Sept. 1867. Thb Ihstitutb. 

M Yerhandlnngen der K. E. Geologischen Beichs-anstalt, Royal 8yo., 1867, 1-12. 

Thb Ihstitotb. 

WA0HniOXOH.«-AmiQal Report of Board of Brents of the Smithsonian Institution, showing 

the operations, &c., &c., for 1866, 8?o. Thb IiiSTiiimoir. 
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TUUg of Books. Donors. 

WiSHiirGTOK. — ^BibliograpH^ of North American Concliology previous to tlie year 1860, 

Pt. II (Smiths. Miflc. Collection 174), 8vo. Thb Ij^stitution, 

„ Ijand and freshwater shells of N. America, by W. G. Binney, 8vo. (Smiths. 

Misc. Coll., 143 and 144), 1865. Thb Institution. 

„ Catalogue of N. American birds, chiefly in the Museum of the Smithsonian 

Institution, Washington, by S. F. Baird, 8vo. Thb Institutioit. 

„ Check liist of the invertebrate fossils of N. America (cretaceous and Jurassic • 

Miocene), (Smiths. Miso, ColL, 177 and 183), by F. B. Meek. 

Thb Institutioh. 
H Geolc^cal researches in China» Mongolia^ and Japan, during 1862^, by 

E. Pumpelly, 4to., 1866. Thb iNSTmrnoN. 

Palfflontology of Upper Missouri, Pt. I, by P. B. Meek and P. V. Hayden. 
4to., 1866 (Smiths. Contr. Knowl., 172). Thb Ikstitdtion, 

On the fresh water glacial drift of the North-Westem States, by C. Whit- 
tlesey, 4to., 1866 (Smiths. Contr. KnowL, 197). Thb Institutiok. 

f, Memoir on the Mosttsaurus and three allied new genera (ffbloodus, Cono* 

saurus, Amphorosteus), by B. W. Gibbes, 4to., 1849. 

Thb Ihstitdtiok. 
„ Cretaceous Eeptiles of the United States, by J. Leidy, 4to., 1866 (Smiths. 

Contr. Knowledge, 192). Thb iNsnruTioir. 

*, Catalogue of N. American Mammals, chiefly in the Museum of Smithsonian 

Institution, by S. P. Burd, 4to., 1867. Thb Ikstitutiok. 

ZusiCH.— Yierteljahrschrift der Naturforschenden G^sellschaft in Ziirich. 8vo.. Jahnr TT 

H£1-4:X,H£1^:XI,H£1^ T^j SoSbtt! 

n AndieZuTcherisohe Jugend, a. d.^ Jahre, 1866-1867, LXVII, LXVin, LXIX, 

12mo. Taa Socibtt! 

Maps, Gbolooical, &o. 

BiiUMOHT, E. DB, BT DtTPHBHOT.— Tableau d'assemblage des six feuilles de la Carte 

g^ologique de k Prance, Paris, 1866. 

BiBGHAUS, H., V. Stulpivlobl, p. V. Chart of the World, Gotha, 1867. 

^^EKSB, P.^-Geognostische Karte Ton Ober Schlesien, PoL, sheets 2, 6, 6. 

Bailt.-— Map of Central America, London, 1863. 

GioLooicAi SuBVBY OF Gbbat Bbitaik.— Geological maps of various districts, 101 sheets. 

Plstz Karte des Nieder Bheinisch Westfalischen Stein-Kohlenbeckens, 7 sheets. 

Admindty Charts of West Coast of India, Pol. 1826-66, 3 sheets. 

BiCHSN^ H, V.^-Geologischen Uebersichts-karte der Bhein-provinz und der Provinz West- 

phaleui 1867. 
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GSITEBJLL BBSUIiTS OBTAINBD FBOM AN BXAMINATIOK OF THB GaSTBOPODOUS FAUNA OF 

THB South Indian cbbtacbous dbfosits, by Fbbd. Stoliczka, Ph. D., F. G. S., 
PaLeontologist, G^L Sonrey, India. 

The second volume of the " PaltBorUologia Indica" recently completed and published, 
eontuns the descriptions of 237* species of Gastropoda from the cretaceous deposits of South 
India. The £Eiana is very rich and varied, though probably not quite so extensive a^ might 
liave been expected relatively to the large number (146) of Cephalopoda which were described 
from the same beds. Still as many species, only represented by specimens in the state of casts, 
have been laid aside, further exammations of the ground will no doubt furnish large additions. 

Taking a general review of the fauna of the Gastropoda, it will be interesting to point out 
some of the more important families and genera which were found to be represented. 

The first &mily which in this respect is deserving of special attention is that of the 
BBUCIDJB, represented by four species, tnree of which OMslong to the genus Angystoma and 
one to Macrocyclis, Nearly all are found in the uppermost beds, stated by Mr. H. F. 
Blanford to have been deposits in shallow water. The extremely rare occurrence of land 
shells in cretaceous rocks increases the interest connected with those four species, especially 
as they mostly belong to types which are still found living in the same or neighbouring 
districts. 

The sub-order Fbosobbanchia counts 174 species, of which the larger number 
helongs to the Sifhonostomata Cienobbanchiata. Among the alata the genus 
Pugnellus, which up to the present has only been found in cretaceous rocks of S^orUi 
America, has yielded three very interesting species ; it is in the recent &,una represented 
hy species like Strombus gallinula. The CTJPRJUDjE are remarkably num»ous, being repre- 
sented here by almost as many species as were previously known from cretaceous deposits in 
general, in which, as a rule, they are very rare. Among the types described are some which 
Belong to Cypresa proper, several to Luponia and others to Aricia., JEpona, Ac. From 
the large numDer of OYprsidx, as also from that of the volutidas, the peculiar forms of the 
ii^Kicipm and of the purpuridjb, I draw the conclusion that the genera and species 
belonging to these families were abeady during the cretaceous time somewhat more numerous 
ui the eastern than in the western hemisphere, or, in other words, that the present 
^^^bation of a portion of the Gastropoda, at least, was already indicated at that remote 
period. 

The OLiviDJE are represented by a species of Dipsacus, the CASaiDiDS by a very interest* 
"4? small species of Onigcia, the plborotomidjb by Cythara and Pleurotoma, the CONidab by 
that peculiar form Gosavia, intermediate between this and the next fkmily. Of the 
JoiUTiD^, 18 species are described belonging to the genera Scapha, Melo, Ficulopsis 
'"• sen.), Fulguraria, Athleta, VolutilMes, Lyria, Volutomitra, Mitreola and Turricula, 

'jnetading' ftome new specific fornif, which on account of the imperfectness of the specimens hire not yet 
'^^'iv^ ipecific names, though acknowledcred as distinct from other known species. 
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Of the UVRICIDM I would particularly mention PoUia Pandickerrietuis, becaufie it so 
much recaUs the form of our common, recent PoUia melanostoma, and a species belonj^ing 
to the genus Ih>phon. 

The TRITONIIDJB have representatives in species l)elong:ing to Hindsia, TrUotUum and 
Lagena; the BUCCISIDM in ^ose of Nassa ana PseudoUva; the purpuridm in Tudicla, 
numerous species of Bapa and one of Bapana. Not less interesting are also two species of 
TriehotrojM and five species of the CANCELLARIIDJE, representing the genera CaneeHartOj 
Euclia and -^Narona. No tsrbbridjs have occurred, and the ptramidbllidm offer no 
peculiarities, nor are they very rich in species or genera. 

The CSRITBIIDAS mostiy belong to marine sub-generic types, the absence of the very 
large number of potamidinjs, occurring in the deposits of the Alpine-Crosau formation, being 
remarkably conspicuous as one of the most important differences between the two Ikonas. 
The same applies to the MSLANIIDJB, their absence in Southern India being equally due to 
the apparent want of brackish or fresh water deposits, so fiir as they are known at the present 
The TURBiTSLUDS have vielded five forms identical with European ones, T. multtstriata 
being probably the best known, T. nerinea, nodosa, affinis and Ifeptuni. The rest of the 
species peculiar to the Indian deposits do not differ in general character from European types. 
(£f the 6CALIDJB three out of four are identical with European species. Of tiie vsrmstidm 
two interesting species have been referred to a new genus TMulostiiim, being very charac- 
teristic for the Ootatoor beds, which are the lowest of the series. Of the uttobibidjs, the 
occurrence of which in cretaceous rocks was always disputed, six different species have been 
met with. Of the bissoidjb I may draw attention to two rather large species of Missoa, 
one smooth JSissoina and three species of that peculiar genus Keilostoma, differing from 
Sissoina by the great thickness of the apertund margins. The naticidjb are characterized 
by the usual large number of species oelonging to the genus PItupira; three genera^ 
JVaticina, Velutina and Amplostoma of the VBLUTINidjB also deserve specially to be noticed. 

When speaking of the family nsbitidjb, the umboniidm, tvrbinids and trochidjb* 
&c., I had occasion to remark that most of the recent so called sub-generic forms are already 
to be found during the cretaceous period. Some of the generic types are verv interesting 
and new to the muna, as, for instance, Velatet; 3}nnostoma and VUnnelta; OxyUle, 
CHbbula, Euchelus, CatUharidus, 4rc» 

The FLBUROTOMARllDJB are not very varied in genera, but one species of the peculiar type 
Leptomaria (L, indica), is very common, occurring almost through all the successive groups 
from the lowest to the highest ; it greatiy resembles several of the European forms. 

The Ofisthobranchia are also worthy of notice, being represented by 24 species ; 
these belong to AcUBonina (2), Actaon (6), Trochaci€eon (3), BuUina (2), BtUUnula 
(1), Avellana (4), BifUfinella (1), Eingieula (2), Buptyeha (3) and Cylichna (1). This un- 
usually large number of species of that sub-order is the more interesting, as the recent species are 
far from common shells. The genera TrochcuiUBon, Avellana, BwgineUa and kuptycha 
are chiefly cretaceous forms, and therefore in comparison with the present fauna of very 
great importance. Actaonina is one of the oldest genera, but I befieve there are a good 
number of species of recent shells which ought to be transferred to that genus. Of the 
BBNTAUIDJB being the only representatives of the Fbobofocefhala, merely four species of 
the genera, benituium, Aniale and Fustiaria (n. gen.) were recorded. 

After this general review of the fiuma I may now enter upon the distribution of the 
species in the different groups which, beginning with the lowest, are the Ootatoor, Tricku 
nopoly and Arrialoor in the Trichinopoly district, and the Valuda^r and VerdctchtUum 
groups near Pondicherry. These last two are equivalent to the first and third named one, 
respectively. Geological details respecting these groups and their fauna will be found in 
Mr. H. F. Blanford's Report in the lYth Volume of the Memoirs of the Geological Survey 
of India. The present remarks regarding the distribution of the species of Gastropoda will 
therefore be very general. 

The 237 species of Gastropoda, described from the cretaceous deposits of South India, 
divide themselves into the different groups, thus : 113 species are peculiar to the Arrialoor 
group, 59 to the Trichinopoly and 36 to the Ootatoor; 20 species are common to tiie 
Trichinopoly and Arrialoor groups, 4 to the Ootatoor and Trichinopoly, none, however, with 
sufficient certainty to the Ootatoor and Arrialoor solely. Only five species, Fulguraria elongaia. 
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AmpuUima hulbtformig, Oyrodes pansus, Solaridla radiatula and Leptomaria indica are 
common to all the three divisions of the deposits. The Gastropodous fauna of the different ^ups 
is therefore tolerahly well defined, ihe distinction between the Ootatoor and the Amaloor 
gnmpB bein^ especiaUy prominent. The large number of species common to the two ^gber 
eroaps is prmcinaHy due to the uncertsunty of the geological boundaiy between them. 'When 
uiis point has Deen more satis&ctorily settled, it may show that an equal distinction exists 
in the Gastropodous &ima between them, as does between the two lower groups. AU the species 
wcumng in the Arrialoor group belong to such genera as are now commonly found 
lirmg in shallow water, while many of those of the Ootatoor group are Uttoral forms, 
firing on rocky coasts or on coral reefs. — The fauna, as a rule, is purely marine, and there 
IB a remarkable absence of the potamidinjb^ of the mslajkiidjb and others which are yery 
eharactenstiic for some of the beds of the Alpine cretaceous deposits. The comparison of 
our rocks with those of the Alps only applies, therefore, to the purely marine fauna. The 
Arrialoor beds were probably deposited over a large, very slightly undulating ground-in 
from 2-10 fathoms of water, but at some distance from the coast. 

In Doint of comparison of our fauna with that of other countries I must direct attention 
to the following table, giving a list of those species which are also found elsewhere :— 



No. 



2 

S 

4 

6 



7 

8 


10 
11 

12 
13 

14 

15 
16 
17 

19 
SO 

21 
22 
23 

84 

2S 



27 
28 



» 



Name of Genoa and Species. 



Alaria ParUnaoni, Mant. 



papflionaeea» Goldf. 
Ki ~ 



QrprM '^ajei, Forbes, (Qlobiconcha 

OTula, d'Qrb.) 
Pknrofconia subnisiibrmls. d'Orb. 
Fidxtiraria elongsta, d'Oro. ... 

FaKioIaria riglda, BaUy 

Neptnnea rhomboidslis, Zekeli 
Tntonidea Boqaleniana, d'Orb. 
TriehotropiB Konlncki, MtUl. ... 

Herinea ineavata, Bronn ••• ... 

Cerithiam inaaguratoin, StoL ... 



n 



Arootenae, Stol. 
trimonile, Mich. 



a.. 



Tiiiitel]aaiBnia,Ma]L 



M 
I* 

n 



NeptnniyJIittnsti 
neruM 



••a 
■ •e 
• •a 

••• 



• •• 



• •• 



• • • 

• • • 



es, ROm. 
nodofla* ROm. 
N mnltistriata, Bss. 
Seala (?) Clementina, Mich. 
n snbtarbinata, d'Orb. (Haidingeri, 

BinUL). 
H striatocoatata, MOIL 
Bortinella ooncaya, 8oi?. ..• 
Biaaoina acmninate, MOll. ... 

Bnchrjaalia gigantea, BtoL ... 

AmpoUIna hnlbiformia, Soar. ... 



Enapiza rotnndata, Soar. .., 

*f iiratiL Sow. ... .«« ... 
Zixiphinna Qemltadanna, Baa. 

Solariella radlatal% Forbea, (Trochns 

Klaber, Mttll.). 
AreUana elongata, Gn^. 



GaOLooxoAL rosxnov. 



In India. 



Oot. andTrich. ... 

Trich. and Arr. ... 
Trich. and Arr. ... 

Trich. (Arr. ?) 
Oct.? Trich. and Arr, 

Trich. 



Arr, 

Trieh« 

Trich. 



... 
*• > 



Oot. 

Trich. and Arr. ... 

Arr. .•• 

Ait. .*• 

Trich. 

Trich. 

Oot. 

Oot. 

Trich. and Arr. ... 

Oot. 

Arr. ... 

Arr. ••• 

Arr. ... 

Arr. ... 

Trich. and Arr. ... 

Oot, Trich. and Arr. 

Ait. ... 

Arr. ••• 

Trich. and Arr. ... 

Oot., Trich. and Arr. 

Oot. ••• 



Not in India. 



Gaalt and Green- 
sand, (Cenomanien) 
Tnronien 
Senonien. 

Toronien. 
Cenomanien and 

Toronien. 
Middle cret. of Stli 

Africa 
Toronien 
Toronien. 
Senonien near 

Aachen. 
Toronien 
** Craie piaolitiqoe' 

near Paris. 
Ditto. 
Oaolt and Gr% i 
yerts, (Cenomanien) 
Senonien near 

Aachen. 
Toronien 
Senonien 
Cenonuu^on 
Toronien 
Gaolt. 
Senonien of Maeat- 

richt. [Aachen 
Senonien near 
Challc (Toronien). 
Senonien near 

Aachen. 
Cretaoeoos beds hi 

Sth. Africa. 
Toronien beds of 

the Alpine creta- 

ceoos deposits. 
Challc (Toronien). 
Toronien. 
Toron. beds ofGer* 

many. 
Senonien near 

Aachen. 
Cenomanien. 



BBXA.BK8. 



(Middle Fla>ner). 



(Probably Cenomanien). 
(Qosaa-depoaits). 



Gosan and Transylyanla. 

") I haye obsonredtheao 
two species in Prof^ 
Hebert's collection. 



1 



(MUdle Plsmor). 
[Upper Planer). 
(Lower Plooner). 
[Middle Phener). 



Probably Cenomanien. 

Probably also occurring 
in Texas. 
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Of these 90 identical species, fonning TCfj nearly one-ei^th of the entire &ana, 10 species 
occur in the Senonien, 12 in the Tnronien, 4 in the Cenomamen (including 2 species from the 
South African deposits) ; 1 species is common to the first and second, 1 to the second and third, 
and 3 are quoted from tiie Uault, 2 of which, howerer, are also found in the Cenoxnanien. 
Applying tnese results in detail to the groups distinguished hy Mr. Blanford among the 
South Indian cretaceous deposits, it will be found that they do not correspond exactly. 
Thus, species which in Europe occur in the Cenomanien are in India oocasionallT found 
in the i^aloor beds, not as would be expected in the Ootatoor beds only ; and again there 
are Senonien and Turonien species found in the Ootatoor as well as m the Tnchinopoly 
beds. As a rule most of the species from our Arrialoor beds are identical with those from 
the Senonien ; but there appears to be an equal difficulty experienced in India in separating 
the Arrialoor and the Trichinopoly group, as is felt in Europe in distinguiahing properly 
between the Senonien and the Turonien. The general condnsion, therefore, derivable from 
the examination of the CSastropoda regarding the ase of the South Indian cretaceous 
deposits is that they represent onlif the beds above ike CkuUt, that is, the Cenomanien, 
Turonien and Senonien. 

It is possible that the Ootatoor beds represent the Cenomanien, but the number 
of fossils ootained from these beds is, in cme respect, comparatively as yet very small ; 
in other respects the boundaries between this and the other groups may not have been suffi- 
ciently worked out. It appears more justifiable to regard the Tridunopoly beds as the 
representatives of the Turonien, and (as already stated) the Anrialoor as those of the 
S^onien. Stratigraphically this tri-division has also great probability. 

When reviewing the Cephalopoda of the same rocks (Quart Jour., Geol. Soc., Lond., 
1865, p. 407, etc.), I have stated that the largest number of the identical species of 
Cephidopoda occurs in Europe in the middle cretaceous strata and especially in the 
Gault ; thus I placed the lowest beds of our South Indian cretaceous rocks as equivalentB 
of the Gault. After having gone over the Gastropoda I found that no Ghiult species 
were represented, and conferring with some of mj friends at home on this point. Prof. Hebert 
specially directed my attention to several speaes of the Cephalopoda which are strictly 
speaking not t^ical Grault fossils. I had already occasion to mention* that the identification of 
Am. Beudantt (now Am. Yama, Forb.) was found incorrect ; but several other species which 
undoubtedly appear to be identical with European fossils, like Nautilus elegans, N. suhUevi' 
gatus. Am. rostratus. Am. Hotomagensis, Asm Candoliianus, Am. navicularis. Am. 
Mantelli, Am. peramplus. Am. llmotkeanus and latidorsatus, Turrilites eostatus and 
Bergeri and others, are such species as pass from the Gault into the Cenomanien and the Gr^ 
verts. Prof. Hebertf is of opinion that the true Ghtult beds must be considered as the upper- 
most group of the Neocomien or lower cretaceous series, all the beds above being induded in 
the upper cretaceous series. There appears to be a relation of several of our species to 
such Gault species as Am. Beudantt, serratus, lautus, denarius, splendens and to some 
Neocomien forms, but, on the other hand, the numerous Cristati and LigaH of our rocks 
are strongly marked upper cretaceous types. The fauna of the Gault is undoubtedly an 
intermediate one, and possibly when the stratigraphy of the rocks has been better studied 
many corrections in points of identifications, at present doubtful, may be made. Some of 
the species like Nautilus pseudo^legans and Neoeomiensis, and Am. Bouyanus and 
VeUeda I am still unable to distinguish satis&ctorily from tJie typical Neocomien species ; 
the number of these species is, however, so small that they cannot outweigh the other facts 
which would place the cretaceous deposits of South India higher in the series. 

Considering, therefore, that most of the so-called (vault species of our Cephalopoda are 
equally common in the (Cenomanien, and that the (jastropoda have not yielded any undoubted 
Gfault forms, I believe I am more justified in stating that the South Indian cretaceous 
deposits onlv represent the upjper cretaceous strata, beginning taith the Cenomanien, The 
larger number of representative species were found to agree with the Turonien, which 
is a Yetr^ wide spread formation, though its limits must be considered rather different from 
those given to it by d'Orbigny. I have reason to suppose that the present statement r^^ard- 
ing the age of our creta^us deposits will also be supported by the examination of the 
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Pelet^poda, especially ihe various Inoceramus- aad Hippurite-tyT^. Thus the original 
notion of lepresentatives of Neocomien beds in South Indm more and more loses support, 
as already pointed out by me in the first volume of the " PaUeontologia Indica." 

In conclusion I should like to draw attention to a parallel of our cretaceous deposits 
with those of Bohemia, Saxony, North Germany, etc. ; tiiis parallel being indeed a very 
remarkable one. Br. Giimbel, who has latelv (Sitzb. Gesellsch. Isis, Dresden, 1867, p. 72, etc.), 
devoted a little time to the study of the Bonemian and Saxon cretaceous deposits, states that 
they generally be^n with a kind of fresh-water deposit containing numerous plant remains, 
and &ing sometmies represented by a coarse conglomerate, both filling up cavities in the 
older rocks, which in many instances are metamorphic or crystalline. Immediately above 
these plant beds follows the series of Quader- and Pkener-beds, the oldest of wmch are 
characterized by Am, Mdntelli, Tnoceramus striatus, Ostrea biauriculata, Exogyra columba, 
etc., as Cenomanien or the Upper Greensand of English Geologists ; the highest beds are the 
equivalents of the upper chalk with Inoceramus Cuvieri and Crispin RhynchoTiella octoplicata, 
etc., or Senonien. Dr. Gumbel consequently acknowledges an upper, middle and lower Plener, 
which may approximately be called Senonien, Turomen and Cfenomanien. Dr. Schlonbach, 
io a very valuaole paper, printed in the Official Beport of German Naturalists, etc. (Hanover, 
1865, p. 160, etc.), expressed similar opinions on the French equivalents of cretaceous beds 
in Hanover. Zittel, in his admirable work on the Bivalves of the Gosau-deposits (Denksch. 
Akad., Wien, XXY, 1866, part. II, p. 174, etc.,) enters upon the question of parallelism 
of those deposits wi^ others in great detail and corroborates the opinion of most of his 
predecessors that they principally represent the Turonien and the Senonien. Were I to give 
at this early stage of exammation of the fauna an opinion regarding the parallelism of our 
South Indian cretaceous rocks, I could, as I stated, only compare them with those of 
North Germany (Aachen, Saxonv, Hanover) and Bohemia, but it is impossible to say which 
of our beds exactly correspona to the Cenomanien, Turonien, and so on ; probably the 
parallel must remain onlv a general one. To the Gosau-deposits our Trichmopoly and 
Arrialoor beds appear to form a correlate. What characterizes the Cenomanien of our beds 
are the Cephalopoda ; these are, however, very scarce in the Gosau-deposits. Those lately 
described by F. v. Hauer have fully the character of Cenomanien species. 

There is one point which deserves special attention during any subsequent examination 
of the ground of the South Indian cretaceous deposits, and this is respecting the plant beds, 
which underlie all the undoubted cretaceous rocks. Some time ago the Geologists, engaged 
in the survey of the Madras Presidency, have sent numerous plants and a la^e number of 
bivalves, etc., from these strata in the neighbourhood of Sripermatoor. A few small Ammo- 
nites belong to the Dentati group, but tney are insufficiently preserved for identification. 
Of bivalves there is a large number of species belonging to JJeda, Yoldia, Tellina, Psam- 
fnolna, jUma, jPecten and others ; all forms with a remarkably thin shell and the allies of 
which are at present usually found living on sandy ground in from 8-10 fathoms of water. 
Several exhibit a resemblance to species from the cretaceous rocks of Trichinopoly, but none 
appear to be specifically identical. At pother locality, fragments of an Inoceramus, which be- 
long to a flattened ribbed species like /. mytihides, have been found with the same plants. 
Of Uie plants there have oeen several species (Falaozamia CutchenMs and (icutifolium, 
and a Dyctyopterig ?) recognized as identical with those from the Rajmahal beds and again 
with those lound associated with the Jurassic Cutch fossils. Thus this would distinctly prove 
that the South Indian plant beds below the cretaceous rocks are iurassic. I cannot express 
the slightest opinion on this matter, but in pointing out the parallelism existing between the 
Indian and North German cretaceous beds, the similar structure of those whitish clay plant 
beds underlying, in both countries, the above formation appeared to me deserving of marked 
notice. SpediJ attention must at any subsequent examination be devoted to tracin^^ out the 
relations of those plant-bearing beds to the cretaceouis beds of the Trichinopoly distnct. 

September, 1868. 
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NoTBS on route from Pooka to Naopub, vid Ahkbdnuogitb, Jalva, Look ah, 
Tbothahal, Makoau and Hikgukghat, by W. T. Blakfobd, F. G. S., &c. 

Almost thronghont the entire roate the rqck is trap. 

Poona to Ahmednuffgur. — ^Leaving Poon a the traps between the Moota Moola and 
Bheema rivere present bat few pecoliarities. Thej are the usual stratified amjgdaloids, 
more or less compact, with some bands of ashj, or of basaltic varieties. Dykes are scarce, 
and very small, if they occur at all. 

The beds are nearly, if not quite, horizontal. There is an apparent very low dip to the 
south-west not amounting to 1^. 

The hills east of Wagoolee appear to be formed of beds absolutely horizontal. Upon 
their top, which is quite flat, is a plain of cotton soil, cultivated in places, which moat have 
resulted from decomposition of the tnip. 

Crossing to the north bank of the Bheema, the traps have the same low dip. The 
countiy is an undulating plain, and the flat hills which dot it near the Bheema disappear 
entirely further on. C^l^n soil occurs everywhere ; it is more sandy near the river where 
there is alluvium in places. 

Beyond Eoondapoor the plain is traversed by streams which have cut valleys, with 
steep sides and more or less flat bottoms. The whole country has very much the appearance 
of a plain formed by marine denudation^ through which plain the streams have cut. But 
the general uniformity of the sur&ce is doubtless due to one hard bed of trap. Where this 
has been cut through by a stream, the rocks beneath are easily removed tiU another hard bed 
is met with, and this generally forms the base of the valley. 

Over a large area the principal bed is seen to have a very low easterly dip, not neariy 
amounting to 1,° at the most | to | a degree. It is a very flaggy bed. 

About a mile east of Bangungaon the beds appear to roll over and to dip at a very 
low angle to the south. This is at the watershed between the Bheema and the (}oor rivers. 
A more rubbly bed of trap comes in decomposing into round boulders. There is an apparent 
undulation in the beds hereabouts, but at such extreihely low angles that the appearance 
may be due to the lenticular form of beds or accidents of denudation. 

Thence to the Goor at Seroor the road descends gradually, passing hills more or less 
rounded in form, composed of the softer beds of the trap. 

The hills immediately north-east of the Goor are much rounded and the bedding 
inconspicuous : it is, however, nearly, if not quite, horizontal. 

Near the 24th milestone from Ah mednuggur the road comes up upon high ground. 
The beds around are well seen, and are nearly horizontal. Indeed, the apparent low dips 
may be due to the lenticular form of the beds. An instance of this is seen on a hill about 
one mile souili of the road just where the latter attains the summit level. One of the strata 
composing the hill thins out rapidly, so that the terrace formed by its upper sur&ce dips east, 
and that mrmed by its lower surface dips west. 

Still there is here, as before, the appearance of a very low westerly din. The oonntiy 
as Car as Soopa is an undulating plam with scattered rocky flat- topped hills. The traps as 
usual consist of alternations of hard basaltic beds with softer ashy strata. 

From Soopa eastwards the same horizontal stratification prevails. About the 11th mile- 
stone from Ahmednuggur there is an apparent low southerly dip. Thence tho country 
falls gradually to the broad and nearly flat valley of the Sin a river. 

From Ahmednuggur the road runs north to the base of the flat-topped hills which 
enclose the Sina valley. In these hiUs the traps appear to be perfectly horizontal. Thirteen 
miles from Ahmednuggur at the Secor Ghat we road suddenly descends a scarp 500 feet 
high to the nearly flat valley of the Gddavery. On the side of the road towards the top 
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of tlie scarp a fine section of f3:ap8 is exposed, and the following beds are seen in descending 
order. The thicknesses given are merely approximate : — 

1. Compact basaltic trap weathering into ronnded bonlders, and divided 

by nmnerons irregular jointmg planes of a yellow brown colour ; 
thickness considerable ; upper sunace not seen 

2. Soft ashy purplish amygdaloidai trap, about ... ... ...20' 

3. Hard crystalline compact basaltic trap, with but little jointing, con- 

taining agate and quartz in parts ; this bed is softer and less com- 
pact, about ... ... ... ... ... ... 6(y 

4. Soft grey amygdaloid, containing horizontal layers of agate, and 

kernels of agate and of stilbite or heulandite. Some kernels also 
contain a black micaceous mineral ; noTie of the kemeU are suV" 
rounded hy green earth. This bed has a thin layer of red bole 
on the top: about ... ... ... ... ... 16' 

5. Tery amygdaloidai soft grey trap, half composed of small nodules 

of agate and zeolite all covered with green earth ; sur&ce of bed 

irregular ... ... ... .,, ... ... 2(y to dCX 

6. Thin parting of red bole ... ... ... ... 3" or 4" to T 

7. Amygdaloid similar to 6, but containing fewer nodules, and these also 

covered with green earth ... ... ... ... !(/ to 16' 

8. Purplish very aniygdaloidal bed. Kernels covered with green earth. 

The rock mixed here and there with large patches of felspar porphyry P 

From bdow this the section is less distinct, all the beds to the bottom of the Qh&t being 
much decomposed at the sur&ce : the majority are amygdaloids — ^felspar porphyry (basaltlo 
trap with large tabular crystals of glassy felspar) occumng in places. The beds appear thin 
where seen along the hill side, generally 10 to 16 feet each. The upper hard bedappearB 
to have preserved the hills and given them their flat top. 

For some distance below the Gh&t while trayersing the gently undulating plain of the 
Godavery much tran appears at the surface ; beyond that distance black soil alone is seen 
in general, the trap only cropping out in rises here and there. This is the case throughout 
as far as the Go da very. The cotton soils appear ^yish on the higher parts of the country, 
darker in the hollows, and they are much mixed with sand and salts in the neighbourhood 
of the river. 

On the banks of the Godi^yery near the villages of Moon^hee and Pyton, there is a 
oonsiderable thickness of brown clay above, generally abounding in kunkur, and evidently a 
river deposit. Below this is gravel, chiefly of fragments of agate and of a zeolite (apparently 
natrolite). In places this gravel is united by a calcareous cement into a concrete. The 
Qpper kunkuriferous clay is frequently obliquely laminated, the lamit^ffi dipping, as a rule, 
though not invariably, down the stream. Trap rarely appears below Moongnee ; above that 
riflage, between it and Pyton, it is seen in several places. The concrete sometimes, but 
'arelj, occurs in the tributuy streams. 

Mammalian remains in gravels, ^c, — In the concrete and gravel mammalian bones are 
^ with, and hence, doubtless, the specimen of Elephas (Namadieus) mentioned by 
Dr. Falconer (Quart. Joum., (JeoL Soc., Lond., Vol. XaI, p. 381, November, 1866) was 



Mr. Wynne found near Mo on ghee a fragment of some large bone, and, in situ, a chipped 
agate flake, the latter possibly of human origm. I found, in situ, a molar of Bos, ana on 
the river sand, one or two other teeth pr^bly washed out of the gravel. Bones appeared 
to be scarce just here, however. Shales frequently occur near the top of the gravel, and 
perhajps in the base of the clay ; they were not observed below, but in this neighbourhood 
very few sections of the gravel are exposed. 



* Tbe history of this specimen is not detailed br Dr. Falconer. The craninm was found by General (at that time 
rW) Twemlow, then stationed at Anrangabad. who took it to England. This must have been 80 years aso at 
!«•«. The same officer found mammalian bonos in large quantities near Hingolec. 
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Many of the agates in the gravel have a peculiar dark semitransparent look, resembling' 
flint. Such do not elsewhere prevail amongst the varieties occurring in the traps. 

Large numbers of the agates in the gravels are fractured. 

In the drift wood, twigs, grass and rubbish deposited at the edge of the river, I found 
the following land and fresh- water shells. The list may be useful, if the sub-recent and 
pleiooene deposits be hereafter searched for comparison. 

Selix Tran^uebarica, Fabr. (the Deocan variety, which is near the shell figured by Reeve 
in the Cone. Icon, as H. vitellina, Pffr.). 

„ atomus, Falrbank, M. S. (a very minute species of the Macrochlamys type resembling 
ff. vitrinoides or one of the European Zonites in form), 

„ crassicoatata, Benson. H. fallaciosa, F^r. 
Bulimus pullus* Gray, 2 or 3 varieties. £. ccenopictus,* Hutton. B. Abystinteus, 

Riipp. (a finely costulated var. B, fnoussontanus f). 
Papa (or Carychium ?), sp. 

Achatina Vaaalica, Benson. A. brevU, Pffr. A, balanus* Bens. 
Planorbis compressus, Bens. : P. sp.,* small : P. coromandeliantu, Fabr^ 
Melania iuberculata,* Lam. 
Bythinia pylchella? Bens. B, sp, (minute). 
Palttdina melanostoma. 

Unto cceruleus ? Lea, rare : U,favidens* P Bens. 
Corbicula arata* P Bens. : Pisidium sp. 
Those marked thus* are most abundant. 

The road from Mo on ghee to Jain a traverses for some distance the gently undulating 

f lain, which does not end to the north abruptly in general, though at Ohandallaand 
Umbeera a little escarpment is seen, formed by a hard bed of trap. It is apparently 
perfectly horizontal. The same horizontality is seen in the range of hills near Umbud and 
on the traps arOUnd Jain a. If there be any dip it must be a very low one indeed, to south 
or south-east-t 

From Jalna to Loonar the traps appear horizontaL No change whatever takes 
place in them near Loonar. The beds on the edge of the singular crateriform hollow are 
the usual basalts and amygdaloids abounding in kernels of agate, carbonate of lime, zeolites, 
&c., coated with ^een earUi as usual. No dykes whatever were observed. Ash certainly is 
met with, but it is the ordinaiy vesicular ash of the traps, full of zeolite, and such as may be 
found everywhere in the Deccan. The hollow is as nearly as possible circular, rather more than 
a mile in diameter. The sides nearly precipitous. A stream m)m a small spring which supplies 
Loonar with water has cut a shallow ravme down to the lake which occupies the depression. 
There is no outlet. The sides of the crater to the north and north-east are absolutely level 
with the surrounding country, while to the west, south-west, south and south-east, there is a 
raised rim never exceeding 100 feet in height, and frequently only 40 or 60 feet. In this low 
raised rim there is no trace of distinct ash-beds or lava flows ; it is unquestionably composed 
of huge blocks of trap, precisely similar to those of the beds below irregularly piled together. 
The types of the ordmary Deccan traps are so peculiar that their identification is easy. 
The mass of materials forming the rim resembles tnose thrown out of an artificial hole m 
everything except the size of some of the fragments. 

The trap beds dip away from the edge of the hollow generally, but irregularly, and 
appear to owe their dip entirely to disturbance. 

There is thus a total absence of everything which in general characterizes a volcano. 
And yet without volcanic action it is inconceivable that such a hollow should have been 
formed. No process of aqueous denudation can explain it. The rim, too, appears formed 
from the fragments ejected from the crater. True, this rim cannot contain one thousandth 
part of the material removed, but the majority was probably reduced to fine powder by 
repeated ejections, scattered over the country, and removea by subsequent denudation. 



t In Sheet 66 of the Indian Atlas, so far as it was traversed, the mapping appeared good, but the shading of the 
hills ia greatly exaggerated. No one would imagine by looking at it that the groat scarp represented as stretching 
away to the south of east ftt>m Loonar is onlv in reality about 100 foot high in general, and never, so far as I saw. 
much over 160 feet, if it is snywhere so mucn. Moreover, it rises gently and not abruptly. The country in general 
Jscomparativclv level, low flat topped rises, and broad undulating plains, less cultivat<» than is the case to the 
westward. No hills of any height occur. 
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The hollow might he due to etnkiiig, bat in this caee it le probable that the trap beds 
around the rim wonld dip towards t£e hollow rather than away from it, while the rim is 
nmply uiacoonntable on such an hypothena. It la certainly strange to find so well marked 
a enter without any trace of anytmng ^ected finom it Sndi a crater might just as well have 
been found in sedimentary rocks. 

Maleolmson's description (Trans. Geol. 8oc., London, 3nd Ser., YoL Y, p. C^), is admira- 
ble in eveTT way ; he observes well that if denudation had removed any cone formed of scorias 
sod lava, the crater itaelf could not have .preserved its form uninjured. 

Dr. Garter's description, (Journal Bombay Br. Royal Asiat. Soc., Yol. Y, p. 324), copied 
from t manuscript by Dr. Bradley, is veiy incorrect The latter found lava flows, or, as he 
tnrns them, lavic currents proceeding from the crater, greenstone dykes and scoris. I did 
not difloover the two former. Scorise I certainly found, but they came from brick-kilns. 

Hie water has a peculiar saline taste. It is so heavy that a slight breeze does not 
appear to ruffle it. It looks like a lake of oil. There is a slightly unpleasant smell caused by 
t^e decay of a green scum fl eonferva) which occurs on it Maleolmson's analysis shows 
that tiie water contains no lime, yet there is a calcareous deposit on the rocks of the ravine 
bj which water reaches the lake. The accumulation of salt must be due to the absence of 
an exit AH the salts carried in by streams anmmulate, the water evaporates.* 

l%e shore of the lake is of muddy sand. Around is a fringe of babul trees (Acacia 
orMca), and beyond them tamarind and bh^r (Zizyphus jujuha) and date palms. The sides 
an covered with jungle. 

By aneroid measurement my camp at Loonar was about 313 feet above the lake. The 
lim might be in places 100 feet above my camp, so the whole depth can barely exceed 400 feet 

The salt of the lake is largely collected in the hot weather. A Parsee is s^d to have 
paid 11,000 Rupees to Government for three years' monopoly. The principal use is for the 
msnn&ctnre of glass bangles for women, for whichpurpose the salt is smelted with quartz 
(gar). The purer salt is used by washermen. There are said to be five kinds of salt, but 
they appear to be merely varieties of the same, differing in purity and state of aggregation.f 

East of Loonar Lake the traps appear to be perfectly horizontal. One bed extends for 
a considerable distance near the villages of Devilgam and Lony, and beyond the last named 
village to Mudhee, and appears to be absolutely level throughout. 

Towards Wakud on the Pain Gunga the beds may dip somewhat to the north ; they 
teem to fidl somewhat from Loonar and Lony towards the river, while there is a scarp to 
the south, but the dip, if it exists, is very low. 

The Pain Gunga near Wakud and for many miles below is a deep sluggish stream, 
with earth banks covered with grass and exposing no section at the sides. Trap occasionally 
hat rarely shows. Near Musi ah a little gravel is cut through here and there. 

From the Pain Gunga the road leads over an -undulating plain, stony in places, to 
Bassim, and thence to Mungrool. Between Parudee and the latter place the road for 
five or six miles traverses a very stony plain, covered with trap boulders, the majority small, 
not above 2 to 4 inches in diameter, and unusually well rounded, not by rolling, but by 
weathering. The bed of trap from which they are aerived (by weatJiering), and which forms 
the suriace throughout, is compact and very minutely crystalline, containing no olivine, nor 
any other mineral distinct from the mass, and, so &r as I observed, neither zeolite nor 
agate nodules. 

To the north this bed ends in a low scarp (not a great range, as represented on the map). 
It may consequently have a slight dip to the south, but if so, the inclination is so small as 
to be imperceptible. 

From Mungrool the road taken]; leads east through the Woo n or south-east district 
of Bern. A scarp is descended about 4 miles east of Mungrool, and a second about 



* This do« not alone, however, Moonnt for the compoeftioii of the solid oontenta of the water, for which see 
MaIcoIimoii, 1. e. 

t Alexander, Ed. Phil. Joum., 1824, Vol. XI, p. 808: Orlebar, Proceedings of Bombay Gcogr.Soc. for February, 
IBM, p. 36 : Bniflt. Bd. New Phil. Jonr. 65» Vol. J, New 6er., SSO : Newbold, Journal Rojal Asiatic Society. 

X From Mungrool I proceeded nearly due east to Mangali, and thence north to Nagp6r. 
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12 miles furUier on. The rocks appear perfectly horizontal, and these scarps which are not 
of great height may be merely steps m the descent from the high groand, ana the npper traps 
of uie Deccan phiteau to the lower ground and inferior formations of Nag^ndr . At the same 
time it is quite possible that the tatps have a low dip to the west, but if so, it 10, as usual, 
so slight as to be imperceptible. 

The country oontinueB to fall beyond Dharvi towards Larkeir. A little south-east 
of Larkeir the traps have a distin<jt low dip, about 2° to north or north-east A similar 
low northerly dip is seen about the village of Both. There are low scarps to the south, and 
long slopes on the north side of the hills. 

Near Kini, a few miles west of Teotmahal, there are some small rounded hills of Terj 
compact laterite. It is highly ferruginous, and might doubtless be used as iron ore. It is 
generally concretionary in its structure (but not formed of minute concretions aggregated 
together like the Bengal laterite), and covered with the usual brown glaze. Some fragments 
show distinct stratification, and pass into ferruginous shale. The mass of the rock resembles 
the laterite of M ahableshwar, and like that contains yellow or white day in small angular 
or rounded fragments. 

East of Yeotmahal other knolls of laterite occur. They are about 100 to 150 feet 
high, but it is impossible to see how much consists of laterite and how mudi of trap. * The 
laterite appears to be horizontal, but only isolated caps remain. It contains small rounded 
grains apparently of decomposed trap. 

Teotmahal stands high: there is a considerable ascent to it from each side. To the 
east the road continues to descend towards the Wur da valley and about Kal am emerges 
from low hills into a broad open plain. The traps along the sides of the hills appear horizon- 
tal as usuaL 

There is some peculiar compact and crystalline limestone near Balagao and Antargao, 
apparently intertrappean, but so fietr as was observed unfossiliferous. Its character difl^red 
from all other intertrappean beds seen. 

The boundary of the trap at the Wur da on Maloolmson's map (Trans. Qeol. Soc., Lond., 
2nd Ser., Vol. Y) is incorrect He makes the subjacent formations extend in a great way 
to the northward and westward. Really all is. trap on the Wurda to below its junction with 
the Wunna. 

No intertrappeans (unless the limestone of Balagao belongs to that formation) had been 
met with throughout the Deccan or anywhere along the road until between the Wurda 
and M4ngali. Near the viUage of Dodcni, 6 or 6 miles east-south-east of Pohna and 
to the west of the village, there is fine compact brownish-white limestone with fragmentary 
fossils and occasionally ^rfect Melanias fM, quadrilineata ?), East of the village a good 
section of limestone associated with fine white and yellow shales is seen in a stream with 
trap both above and below. In the underlying trap are fragments of the limestone enclosed. 
The amount of trap seen below is very small, and Imiestone may recur beneatii, otherwise the 
former must be intrusive. It does not follow that the intrusion is more than local. The 
shales contain Chmrides in abundance, with fish scales and wings of insects. They dip 
slightly to the nortnwards. 

In the Wunna close to its confluence with the Wurda a fossil vertebra of some large 
animal was pulled up. Probably the ossiferous grtivel occurs here. 

Trap occurs at Chikni ; thence to Samli very little rock could be observed. At Don- 
gurgaon, 2 or 3 miles south of Chikni, is a low ridge of hard siliceous rock, but 
whemer it belongs to the ^eiss series, or is one of the usual sedimentary rocks more 
hardened than ebewhere, it is impossible to say. 

At Almoodi south of Samli trap occurs, probably an outlier. At Talligaon just north 
of Almoodi between Samli and M4ngali close to a tank sandstones fine, hard and compact 
in general, contuning bands of pebbles and conglomerates in places, occur with a north or 
norui-east dip (towards M&ngali). The sandstones are white and grey , with specks and 
patches of bright red. The pebbles in the conglomerate comprise vein quartz, quartzite, 
metamorphics of various kinds, red jasper (rarely) and a somewhat sandy rock having the 
appearance of silioified wood or coral. Beneath the conglomeratic beds are some ^i^ vsi 
argiUaceouB sandbtones. 
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From north of Somli to 2CX) or 300 yards north of the deserted village of Mdngali 
ill is trap. Ahoat Samli no rock is seen, nor are any sections seen south of the trap between 
Talligaon and Man gal i. Coming south from the trap at the latter place the first sedimen- 
taiy rocks seen are fine grey quartzose sandstone, conglomeratic in places, as compact as 
Yiodhyan sandstone, much more so than Damudaa usuaLly are,* having a general resem- 
Uanoe to the beds at Talligaon. 

Just south of these are the old quarries whence Mr. Hislop is said by the villagers to have 
obtained his fossOs. The rock is a very fine deep red argillaceous sandstone, shalev in parts. 
Thin layers of a yellow colour are frequent, and these appear to be richer in fossils than 
the red portions. .Slstheriaa (of two species apparently) abound, and some ill marked 
plant'remains also occur. 

The sur&oes of the slabs are frequently covered with irregular pits, and appear as if 
corroded by sur&ce waters. This is curious, as argillaceous sandstone is not a rock easily 
diuolved by water, yet it seems difficult to account for the corrosion otherwise. 

From M &n gali to H in gungh at and thence to Nagpiar no rock except trap is seen. 
The country is mainly an open cultivated plain, thickly covered with cotton soil, a few 
Mattered flat-topped hills occurring towarols the south, and nearer to Nagpur some well 
marked hill masses come in ' to the westward. The traps wherever seen are apparently 
perfectly horizontal. 

On the road from Nagpilr to the Wurda on the way to Oomrawatee all is trap, 
perfectly horizontal to all appNoarance, except an inlier of Damudas near Bazargao n, (not 
examined), and some isolated caps of laterite near Eoondallee. 

Jidy 1868. 

On the AoATB-FLASB found by Mb. WTinfB, in the PleiocenefP) deposits of the 
Upfeb Godayest, by T. Oldham, Esq., LL. D., &c., Ac. 

On the accompanying Plate (Phite 1) I have g^ven Aill-sized figures of the agate-flake 
lefened to above (p. 61} by Mr. Blanford — Mr. Blanford here says, 'possibly of human 
origin.' Further examination and comparison satisfied him of the true nature oi this sped- 
men. He ^d (Proceedings Asiatic Society, Bengal, October 1866), " I was at first very 
Meptical as to the genuineness of this flake, but a recent examination and comparison of it 
witn some of the Jubbulpoor specimens have strongly inclined me to believe that it is really 
of human manufacture :' and he pointed out the similarity with one of those found near 
Jnhbulpoor. 

The flake here represented was found by Mr. A. 6. Wynne while searching the banks 
of the Upper Godavery for fossil bones. It was discovered just below the village of 
Hoongee, near Pyton. Tbe river diff here has a height of about 60 feet. And in a bed 
of nnoompacted sub-calcareous conglomerate or concrete, gravellv and containing shells of 
species similar to those now living in the neighbourhood, the specmien was found imbedded. 
A brief but careful search was made in the neighbourhood for other specimens, but without 
success. Not more than 16 to 20 miles, however, of th^ river could at uie time be visited. 

The flake was found about 20 feet above the base of the cliff. Its general form and 
character will be understood from the Plate better than from a description. It is formed 
from a compact light coloured aeate chip, which near the surface has become blackened, and in 
two parts tne original smooth lerruginous (rollfd P) surface of the agate mass remains. The 
flake IS rudely trian^ar in section, one side being flat, while between the two edges, although 
not centrally, it nses on the other side into a rid^e. The whole is slightly curved, and at 
one end the sharp edges are curved so as to form a slight reflexion of the whole flake, giviiu^ 
that end very much tne form of the curved end of a carving knife for game. The other end 
of the flake has a lateral extension which may have served as a means of attachment to a 
handle. The sharp cutting edges are much blunted and hacked, obviously by use. The total 
length of the flake is 2} inches ; its breadth, which is tolerably constant for its entire length, 
i» t\ inch. 



* Thii appemn to be anlremlly the cMe near Na«rpAr. The Damadw and MAonU beds are muoh harder and 
more compart than the correspondinfr rocks in Bengal and the Nerbudda yalley. HoweTer, thia remark ia baaed 
<n imt a alight acquaintance with the NagpAr bed*. 
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The first notice of the disoovery of this flake was given at the meeting of the Asiatic 
Society of Bengal on the 6th Deoemher 1865. The specimen had not then reached me, bat 
judgine from the deeoription I had no doubt about its character, and the matter was brought 
forward as of " the highest interest." I then said : " Many of the members of the Society 
are perhaps not aware that, spreading over a large area, in the countiy drained by the upper 
waters of the Godavery and its affluents, there is a widely-spread deposit of days and giayels 
containing remains of large mammalia, which ore probably of the same kind as those which 
occur in the similar gravels and clays of .the Nerbudda vmley, and of which the Society pos- 
sesses many specimens. From these gravels and in the valley of the Godaveiy near Pyton, an 
agate flake, bearing evident marks of naving been artificially made, has been dug out recently 
by Mr. Wynne of the Geological Survey. This is a &ct oi great importance, and we must 
only hope that further researdi will tend to clear away any dimcultiea that now renuun, and 
ada to the history of these interesting relics of the early inhabitants of these oounlrieB," 
(p. 207). This important discovery of Mr. Wynne's was alluded to by Mr. H. F. Bkn- 
fbrd in a letter quoted in the Geological Magazine (London) for February 1866 (where 
Mr. Wynne's name is erroneously printed Bynne), p. 93. And Mr. Wynne himself gave a 
more detailed account of the mode of its occurrence in the same Magazine (June 1866, 
p. 283). Mr. W. T. Blanford more recently (October 1866 and September 1867) has again 
alluded to this discovery of Mr. Wynne's as bearing on the early appearance of man 
in India. 

This question of the antiquity of man in this oountiy long since excited much interest 
Almost the earliest speculations m which my lamented friend Hugh BUconer indulged when 
the Sewalik fauna was beginning to unfold its richness to him were on this point, and he, to 
the last, believed that there was good reason to suppose that several of the animals irhose 
remains were found imbedded in the so called miooene deposits of the Sewaliks had been 
cotemporaries of man. Much more therefore would he have been prepared to admit the 
validity of proof tending to establish his existence at a more recent period. 

Unfortunately as yet we have no specific determination of the animal remains from the 
Godavery valley excepting in one case (Elephas NamadicusJ, Bones of oxen, &e., have been 
found, but have not been identified specifically. Still looking to the marked general resem- 
blance both in mineral character and in mode of occurrence and distribution, and to the &ct 
of the comparative proximity of the Godavery to the Nerbudda, there can, I thiiik, be little 
doubt that these similar deposits in the two valleys are approximately of the same geological 
ag;e. From the Nerbudda valley a large number of species and of genera have been d^r- 
mined, and to these deposits Falconer assigned the general age of ' pleiooene' in these cautions 
words, alluding at the time specially to the researches of the Geological Survey of India : " In 
designating the formation as pliocene which I have during many years, I have been guided 
by the inaications of the mammalian fieiuna, as intermediate between the miocene of the 
In*awaddi, Perim Island and the Sewalik Hills, and that of the existing period" (Quarterly 
Journal, Geological Society, London, XXI, p. 383). In the same masterly paper. Dr. Falconer 
pointed out that no trustworthy cases of the occurrence of very ancient human bones, or 
industrial objects, have yet been established from the section of the Jumna and Ganges, bat 
that they may be looked for on a more careful and extended search, statii^ also that the 
ancient fossil Mammalia of the Gangetic valley belong to the pliocene fiiuna ot the Nerbadds, 
" to which also it would appear certain that the deposit of the Godavery" (from which the 
flake now described was obtained) " also belong/' 

The vastly interesting results which these researches involve have for years past been 
most closely and keenly discussed in Europe and America. The antiquity of man is there 
one of the most eagerly investigated questions of modem science, while in this 60untiy» 
where so many reasons combine to indicate a greater probability of success, but little has been 
done. It will be usefiil to quote here the eloquent words of Dr. H. Fslconer on this suWect 
Afler referring to the curious support which the discovery of the huge ColosMOchelg* served to 
give to mytholo^cal tradition, and the inference that this animal may have lived down to an 
early epoch of the human period, he proceeds : 

" It is not meant to be urged now, after a lapse of more than 20 years, that 9^ 
serious claim can be preferred on the speculation put forward in the passages above cited. 
But it will -perhaps be admitted that the mind of the observer firom whom it einanated was 
tbon occupied with the subject of the possibility of the remote antiquity of man in India 
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on palsontoloeioal evidence. It is true that the expressed view is, that the 'Colossochelys 
may have lived down to an early epoch of the human period, and not tiiat *man had Hved 
btu to he a contemporary of the tortoise, now proved to have heen miocene. But the 
two V9W8 are recipnx^ ; and the form of expression selected on the occasion was that which 
WIS least calcalated to provoke ridicule, or to shock the stroi^ prejudices on the suhject 
which wen then dominant among educated men.* And so mrmly was-not merely the 
possibility, hut the-probahility of the case impressed upon our minds, that Captain Oautley 
and fflvself were constantly on the look-out for the tumine up, in some shape or other, 
of erraenoes of man out of the strata of the Sewalik HiUs, partly from considerations 
of a different order, to which I shall hrieily allude. 

"The cataclysmic speculations of Cuvier and the diluvial theory of Buckland were then 
exploded. The wide spread of the pluns of India showed no signs of the unstratified 
superficial gravels, sands^ and clays, which for a long time were confidently adduced as 
evidence that a great diluvial wave had suddenly passed over Europe and other continents, 
overwhelming terrestrial life, and leaving the marks of its course and violent action in those 
enormous deposits of transported dehris. Ever^ section along the Gangetic plain indicated 
that the superficial strata there were of local origin, and the result of tranquil sedimentary 
deposition. Viewed in the light of a strictly physical inquiry, the chief rational argument 
in support of the opinion that the advent of man upon the earth dates from a very modem 
epoch was first, the negative evidence in the non-occurrence of *human relics, and next the 
md that taking him in conjunction with the mammab with whom he is now associated, they 
appeared, as a group, to helong to a new order of things strikingly different from that of the 
immediately preceoing period. The mammoths, wool-dad rhmoceros, the cave-lions, and 
spelaon hysnas, the Irish elk, &c., of the European fauna were all extinct, although the 
carcasses of some of them had heen discovered, under favorahle circumstances, in the most 
perfect state of preservation. Facts of corresponding import were yielded hy a glance cast 
upon the. latest palaeontology of the American Continent. There also the huge extinct 
eaentata, the manmioth, and the mastodon indicated a different order of life, especially from 
that now existing. But in India the problem presented itself under another aspect. There 
no break was visible in the tran(|uil succession of deposits, no interference of a general 
oceanic submergence, followed by mcoherent beds of sand and gravel, no intercalation of 
glacial phenomena to disturb the previous system. The present physical order of things 
-modlfi^ onlv by alterations of level, by upheavement and depressions — could be traced back, 
in an unbroken chain, to the ossiferous strata of the valley of the Nerbudda and of the 
Sewalik Hills. Results in harmony with these indications were yielded by a retrospect cast 
upon the system of organized life. The Mastodons, the Steaodons, and the Zoxodon 
£iephants were extinct, as were also the Sivatkerium, the Chalicotherium^ the three-toed 
Hipparum-Horse, the JECexaprotodon, the Mervcopotamiis, and other peculiar forms. But 
they were found associated in the same Sewalik deposits with species of true Equus^ of Camel 
and of Giraffe, the two last being characteristic cotemporaries of man at the present time. 
The pliocene fauna of the Nerbudda valley produced, along with the miocene Stegodon 
insignis of the Sewalik Hills, an extinct Elephant (E. NamadicusJ, the dental system of which 
is closely alli^ to that of the existing Indian species ; a true Hippopotamus, and, not to 
mention others, a true Taurine Ox, Bos Namadieus, and a huge Buffalo, JB, (Bubalus) 
(PalaindicttsJ , which is nearly approached by the living 'Arnee* of the forests of Assam, 
being the stock from which the domestic Buffalo of Oriental countries is supposed to have 
sprung, 'niat the actual order of the present system of life had begun during the Sewalik 
period was in^cated by the living Gharial Crocodile and Smys tecta being found associated 
with the extinct mammalian forms. And of the latter, some, like Stegodon insignis, accom- 

Smied by a species of Hexaprotodon, descended to the pliocene period of the Nerbudda 
ana, to be associated with a true Taurine Ox and with' a Buffalo which hardly appears to 
differ more from the living Arnee than does the ancient Bison priscus firom the living 
Aurochs. Another fact chimed in witih special force. Among the four or five species of 
Sewalik Quadrumana alluded to above, one was inferred by Sir Proby Cautley and myself, in 
IS37, to have been a large Ape, exceeding the size of the Orang-Outang, but of unknown 

. * M. M. Garrigou and Filhol recently (April 20th, IS&S), request«d the opening of a sealed packet, which 
thcT had deposited with the Academy of sciences, Paris, so long since as 1864. In this they had shewn th« 
pfpoabUity of man's existence in the miocene age, from observations made in the deposits of Sanson. The 
^idence cuasists of bones split longitudinally, &c. 
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immediate affinitj. This opinion was fomded npon a canine tooth of aa old anima], which 
is figured and described in the Journal of the Asiatic Sodetj of Bengal (Vol. VI, p. 369). 
FiTe years afterwards, in 1812, 1 institated a close comparison between liie foasil speehnen 
and tne corresponding tooth of three sknUs of the Oimng-Ontang, contained in tiie M useiun 
of the Asiatic Societj^ in Calcutta, and found that their agreement was so dose that I con- 
jectured that the extmct Sewalik form had been a bage Ape allied to Pitkecmt saiynu, 

" A quadrumanous astragalus derived from the same strata i^roached in form and pro- 
portions so near to that of the existing Honuman Monkey, SemmipUkeeus entdlus that the 
help of the callipers had to be put in requisition to enable us, in 1836, to discriminate them 
by differences not exceeding millimetres. The distinction between the fossil and the recent 
bone is hardly greater than that which might be expected to occur in any two indiridnals 
of the living species. Here, then, was dear eridenoe, pnysical and organic, that the present 
order of things had set in from a very remote neriod in India. Every condition was snited 
to the requirements of man. The lower animals which approach him nearest in physical 
structure were already numerous. The wild stoclcs from which he trains races to bear 
his yoke in domesticity were established. Why then, in the liffht of a natural enqniiy, 
might not the human race have made its appearance at that tmie in the same r^onP 
CuTier, notwithstanding his strong bias in favor of the modem appearance of the human 
race, admitted, in language which has often been overlooked in later discussions, that man 
may have lived before uie last great revolutions which were the subject of his disauisition : 
' Tout porte done ^ croire que I'esp^ humaine nexistait pjoint dims les pays o^ se deoouvrent 
les OS fossiles, li Tepoque des revolutions qui ont enfoui ces os ; car u n'y aundt en aucone 
raison pourqu'elle ^happ&t toute enti^re k des catastrophes aussi g^n^rales, et pour que sea 
restes ne se retrouvassent pas aujourd'hui comme ceux des autres animaux ; mais ie n'en 
veux pas conclure que Hionmne n existait du tout avant cette ^poqne. H pouvait habiter 
quelqnes contr^ peu etendues, d'ou il a repeupl^ la terre apr^ ces ev^nements terribles,' Ac. 
The valley of the Chmges seemed to present the exceptional conditions here demanded ; it 
was exempt from the protracted submergence under the ocean, the effects of which on 
Europe suggested the idea of cataclysmic revolutions. I dwell upon the subject now in 
the hope ^t, when the palsontolo^cal exploration of the Sewalik Hills and Nerbudda 
valley, or of other equivalent formations, is resumed, these remarks may attract attention 
in India, and that a keen look-out may be kept up for remains of the large fossil Ape abore 
alluded to, and for traces of man, in some form of equally remote antiquity. I'or it is 
not under the hard conditions of the glacial period in Europe that the earliest relics ot 
the human race upon the globe are to be sought Like the Esquimaux, the Tchuktshes, 
and the Stfmoyedes on the shores of the lev Sea at the present day, man must haye 
been then and there an enaigrant, placed under circumstances of vigorous and uncertain 
existence, unfavorable to thie struggle of life and to the maintenance and spread of the 
species. It is rather in the sreat aUuvial valleys of tropical or sub-tropiotd rivers like the 
Ganges, the Irrawaddi, ana the Nile where we mav expect to detect the vestiges of his 
earliest abode. It is there where the necessaries of life are produced by nature in the 
greatest variety and profusion, and obtained with the smallest effort ; there where climate 
exacts the least protection aeainst the vicissitudes of the weather; and there where the 
lower animals which approacn nearest to man now exist, and where their fossil remains 
turn up in the greatest variety and abundance. The earliest date to which man has as yet 
been traced back in Europe is probably but as vesterday, in comparison witih the epoch at 
which he. made his appearance in more favored regions.'Y^'^ 

Tears since the officers of the Geological Survey engased in Madras discovered diipped 
stone-implements identical in character and form with uioee so generaUv known from the 
Amiens and Sussex Gravels. These have been described by Messrs. Foots, King, Oldham, Ac, 
but unfortunately there was nothing tending to determine exactly their age. They occnrred 
abundantly in a lat»ritic conglomerate, or somewhat compacted gravel, near to, or on the 
surface ; others, again, more nearly approaching in character ^e fliUEe now described had been 
discovered in the vidnity of Jubbulpoor. These latter, as is this Moongee spedmen, exactly 
represent the flakes so friequently found associated with human remains m Europe, under 



fa>. H. Palconer. Palvontological Memoin and Notes, Vol. II, p. 576, and Qoar. Jour. Oeol. 8oc., London 
Vol. XXI, 1865, p. 386. 
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drcnmstaiioefl indicating great antiqnity. Unfortunately, however, very little information 
WM obtained regarding Uie mode of oocnrrenoe or the antiquity of these specimens. And 
it therefore was of the highest interest to find absolutely in the bone-beanng beds of the 
Godaverj some 90 &et below the surface at that pkce, and in a bed, not of soft easily 
morable silt or sand, but of hard compacted calcareous conglomerate, the flake of which 
drawings are now given. 

It 18, however, as vet the only case on record of such occurrence of works of human 
■it t» ikete bedt in this countxy. And we would earnestly seek the co-operation of those 
who may be more permanently in the vicinity of these deposits to institute and maintain 
a search for others. Mere casual visitors have comparatively but slight chance of success 
in such reeeaiches. 

S^iember, 1868. 



Ihe boundary of the Yutdsyis sbsibs in IUjpootaka, by H. B. Medlicott, f. a. s., 

<Sco., &c. 

The strata of the Yindhyan period have long since received a prominent place in the rock 
series of Hindustan. In the typical area between the Nerbudda and the Jumna, the 
Geological Survejr had been for some time more or less accurately acquainted with the 
relation of the Ymdhyans to the underlying rocks along the south-eastern and north-eastern 
boondaiy, when, in the cold season of 1865-66, I was sent to investigate their western 
extension towards the Arawali range in R^jpootana. The fonnation as a whole shows no 
^cts of disturbance ab extra. Along the entire north-eastern boundary, wherever older 
neks are exposed, the Yindhyans rest totally unconformably upon all, whether crysta^ine 
•cbists or immetamorphic strata. The junction is normal and undisturbed, being simply 
exposed by denudation ; and its position coincides more or less with an original bmitation 
of the basin of deposition. Along the south-eastern boundary there is uie same total 
imooikformability with all underlying rocks ; but here there is a maigin of variable width in 
which the strata are more or less intensely disturbed ; for the most part this has the character 
of simple elevation outside the boundarv or of depression inside it ; but the junction is often 
locally fiinlted. Here too, however, there are indications of an original limitation of the 
deposits oorrespondinff with the actual boundary ; several of the suo-^roups thin out and 
disanpear on approacning it. Besides the feature that has been noticed in the north and 
soutii extension of the Yindhyan noups there is an analogous feature in the east and west 
distribution ; along the south bounc&ry several of the groups are overlapped and so disappear 
from east to west ; thus it is only in the eastern portion of the area that we find the important 
SDd peculiar strata which are ^own among us as the lower Yindhyans, and which are well 
exposed throughout the entire length of the Sone valley. 

The examination of the third and western boundary of this area has not added anvthing 
to our general knowledge of the Yindhyan rocks. The boundary is as shai^ly demied as 
elflewhere ; the groups that are seen are like their representatives 600 miles to eastwards, 
with whidi they are continuous ; and even the features of the boundary are like what 
is seen in the lierbudda valley. The lower Yindhyans do not appear anywhere along 
this junction ; but the several groups of the upper Yindhyans — ^the Bundairs, the Bewahs 
and the Kymores — are weU fepresented. The fiunous old fort of Chittorgurh stands dose 
to the western boundary, upon a scarped hill of Bundair sandstone, an outlier of a plateau to 
the east; the limestone and shales of the same group being weU exposed in the plains 
•tits base, l^e same beds are also well seen to the north-east, about Par soli and at 
Boondi, dose to tiiie boundarv ; and at several places the lower eroups crop out along the 
^Knmdaiy from beneath the* tiundairs. Although here, as elsewhere throughout this series, 
there is a strong apparent likelihood for the deposition and preservation of fossil remains. 
Done have been cuiBOOvered. 

To the west of Bash the steep scarp of the ]>eocan trap bounding the Nerbudda valley 
on the north is rather t£e fisu» of a ridge than of a plateau. There is a very considerable fall 
on the northern side, and the country is deeply undulating instead of formed of open plains 
tt at a few miles distance to the east, In tne valleys and low ground about Jubbooan the 
crystaUine rocks are freely exposed. We here, in fact, come upon the western boundary 
of the Malwa plateau, it is a very irregular orographical feature, being purely determined 
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by denudation, and it is interesting to observe its Tery apparent relation to the distribution 
of the rocks. l%e river Mhye with its tributaries is the first of the streams flowing norUi- 
ward from the south edge of the plateau which has not to encounter the resistanoe of the 
horizontal Yindhyan strata; beneath the trap it only encounters the decomposable and 
variable rocks of the metamorphic series, and erosion has gone on unchecked. After a 
northemly course of many nmes the Mhye bends westwaras and southward into the 
gulph of Cambay. 

The greater part of the plateau of Malwa is formed entirelv by the great Deocan trap 
formation. In going northward along the table land from Indore throiu^h But lam, the 
Yindhyans first appear at Mundesor, about 140 miles from the NerbudcUk; they g^radusUy 
emerge from beneath the great expanse of trap to the east. In following a parallel coune 
a little to the west, along the boundary of the table land, it is seen that the non-appearance 
of the Yindhyans to the south is not owing to their being concealed by the trap ; for all 
along the boundary the crystalline rocks immediately underlie the volcanic rock ; and an 
examination of the Yindhyans themselves shows that their boundary atMundesorisa feature 
of very ancient date. It runs in a north-west by west line from Mundesor, and the 
Yindhyans rise into small plateaus in that direction, the strata beins quite horizontal. Even 
on the high level si^s of disturbance are traceable along the line of contact, but it is where 
the strata run out along this strike into the low ground that the structure is fully seen. 
Here the lower groups of the upper Yindhyans crop out with a rapidly increasing north- 
easterly underlie agamst the crystalline rocks ; the lowest band being a conglomeritic sand- 
stone. In the opposite direction the boundary at Mundesor strikes towards H oshungabad 
and Burwai, the lowest point to which the Yindhyans reach in the Nerbudda valley. 

About the point where the Mundesor line of boundary strikes the edge of the plateau, 
the boundaiy makes a sudden bend of half a right an^le, running due north for 40 miles, 
passing about 20 miles west of Neemuch. This is the most westemlj position of the 
Yindhyan boundary. With it there commences an immediate change in tne character of 
the contact : the margin of disturbed rocks is several miles wide, mark^by flat, symmetrical, 
anticlinal flexures, causing ridges along the outcrop of the sandstones with intervening 
valleys on the contorted shales. 

These features are well seen where the Neemuch and Oodipoor road crosses. The 
actual line of junction is marked by no special feature, the contact taking place on the low 
ground with the Yindhyan shales, which seem 40 be about equally liable to erosion as the 
gneissose series. It seemed to me that the shales at the contact were those with which 
the limestone is associated and which I have considered to be of the Bundair group. There 
would thus be presumption in favor of a fault. 

Close to Chittor^urh there is another abrupt bend in the direction of the boundaiy; 
from north and south it turns to the north-east. For some distance at least, in this new 
direction, the character of the junction is the same as that last described ; the Nusserabad 
road north of Chittor crosses at the same level from the crushed Yindhyan shales, with 
limestone, on to the friable granitic rocks. The strike of the xsontortions in the shales has 
already become identical with the new direction of the boundary. The actual contact often 
runs m a slight depression of the sur&ce, there being no vein-stone visible or any direct 
evidence for the supposed fault. "Where I next examined tiiis boundary near Parsoli, some 
15 miles north-east of Chittor, although its strike and that of the strata continue ^^^ 
to north-east, the conditions of the junction have entirely changed, having again assumed 
the form noticed in the Mundesor reach. From the north-west one approaches upon 
granitic and schistose rocks up to the very base of a steep ridge of sandstone in which the 
dip is south-easterly. Beyond this ridge there is a steadv longitudinal vaUey upon crushed 
shales, without limestone ; then a^iin another ridge of sandstone with the same soath- 
easterlv dip ; just inside this ridge uie village of Parsoli stands in an irregular open valley 
formed of the shales and limestones, the plateau-hills to the south-east being formed of 
the sandstone overlying the same. This is the most oompaot section I observed of the 
three groups of the upper Yindhyans. 

At about 4 miles to north-east of Parsoli the regularity of the seetion terminates in tie 
most obscure manner, involving a fresh change in the direction of the boundary and in the 
strike of the rocks. At Bumunia and Singoli the sandstone ridges come to a sudden 
termination along an east-west line, facing a low wide-spreading puun. The feature «• 
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manifestly ocmneeted immediately with stracinral oonditions of the rocks. At the end of 
the oatennost ridge, that of the Kymore sandstone, I could trace a chanee in the dip from 
the steady south-east of the ridge to east-north-east, to north-east, and to norUi-north- 
east, there heing^ here a little spur of sandstone tailins ojBT to. the west-north-west. Of the 
middle ridge of Kewah sandstone I could make noi£ing ; at its present termination the 
Bouth-east dip is still maintained. On the undulating high ground formed by the top 
band of sandstone, that of the Bundair group, the undulations which at Parsoli corresponded 
with the north-east strike, are rapimy replaced towards Singoli by a north-west strike, 
and the outermost ridges underlie towards the plains to the north. On the low ground 
for some distance in front of all the ridges, Yindhyan shales (I cannot say of what group) 
are the only beds seen ; they are much crushed, but with a prevailing east-westerly strike. 
On a mere cutsoit survey and without any map of the ground my study of the sections 
oonld not be sufficiently detailed to offer any explanation of these complex stratigraphical 
features. 

From Singoli the tracing of the exact line of junction ia greatly obscured by a change 
in the nature of the older rocks in contact ;. instead of the easily distinguished granite, 
enebs and sehists, the prevailing rock here is an imperfectly cleaved clay-slate, often soaicdy 
oistingaishable from tne crushed Yindhyan shales. • Superficially the change is indicated 
by the abundant debris of quartz derived from the veins that freely traverse the slates, but 
are altogether wanting in the Yindhyan rocks. The run of the boundary here would seem 
to be much less regular than what we have seen to the south. Towards Boondi the 
junction is again somewhat better defined, at least locally. Boondi stands at the end of a 
valley formed on an anticlinal of the Bundair group (taking the limestone associated with 
the shales as a criterion of that group). The strike is about 15** north of east. On the 
north side of the valley is a massive ric^ of quartzite sandstone, . which must, at least 
in part, be formed of the Bundair rock. The slates are found close to the north base of the 
ridge. The difficulty of discriminating the series is increased in this vicinity by the occurs 
renoe of a limestone, not markedly different from that of the Yindhyans, among what I took 
to be the slates. 

The crystalline metamorphic rocks underlying the Malwa trap on the west show much 
variety, and invite a closer examination than I comd give. They are decidedly gneissose; 
and granitoid masses ar(9 frequent. There is one strong and persistent run of a coarse 
conglomerate. It is well exposed in the river at Tandla : the matrix, though coarsely 
folifl^, is rather earthy, the pebbles are often large and subangular, not always elongated 
in the strike : whatever they may once have been they are now mostly granitoid. North 
of Tamb^sera the same is well seen: the boulders in it are sometimes 2 and 4 feet in 
diameter; they are thinly and partially distributed in the matrix. There is aciystalline 
limestone largely developed alongside the conglomerate. I also noticed some earthy graphi- 
tic schists associated with it. At Talwara, 10 miles to west of Banswarra, a white 
gnuralar limestone is quarried to some extont. A north-westorly strike prevails throughput 
these rocks. 

Bocks of send-metamorphic character were first observed north of Chittorgurh. Ribs 
of ^uartzito tail out from a considerable group of hills to the north to within ludf a mile of 
the Yindhyan boundary. They are associated with earthy ferruginous flaky slates or semi 
schists. They are in very irregular junction with a coarse, quai^oee, friable granitoid rock, 
which lar^ly prevails here in tiie metamorphic series ; it is quito massive and amoiphous. It 
is foond m contact with the quartzito, and within a few yards is separated from it by many 
feet of the slates; yet I noticed no case of special intrusion or any signs of contact meta- 
morphism. At Gungrar the quartzites have become very massive, apparently overlying the 
sh^M, and forming considerable hills. A Hmestone shows very suboidinately in these slates. 
I was greatly stnick here by the resemblance of the litholo^cal and stratigraphical con- 
ditions to those of the sktes and quartzites of the Rajgir hills in Behar. The plains south 
of Hameergurh are formed on these slates, the northemly strike having changed to a steady 
east-north-east direction ; and thus they stretch away to the east, being tiie same aa have beei% 
already notdoed in contact with the Yindhyans from Singoli northwa^s. 

Of rocks younger than the Yindhyans the Deccan trap is abnost the only representative 
within the area I refer to. At one spot about a mile south of Jabbooah, near the north 
l>a8e of the great ridge of trap, there is a small remnant of the Bagh cretaceous deposita^ 
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sandstone and br^ozoan liinestone, scarcely more than 10 feet in &11| capping a low ridge of 
crystalline rocks tor about a mile in length, and then itself coTcred by the kap. Altibongh 
I examined the base of the trap at many places in the ricinity and all along for nearly a 
hundred miles to the north I found no other representative of tiie Bagh beds. 

Of the trap itself a great variety occurs within the area I traversed. I did not notice a 
single instance of intrusive trap of diis age. The trap is first met with on the Great Deccan 
Toia, at about halfway between Sipri aiid Goonah ; and from here its spread is unbroken, 
sate by a few projecting ridges and points of the Yindhyan sandstones, and this only in the 
northern part of the area. §ear Kotra I noticed huge blocks of baked sandstone weathered 
out of a trap flow. I nowhere found huge siliceous geodes so abundant as in the bottom flows 
at the bounoary of the trap area. On the whole, porous vesicular trap highly chained with 
aieolitic matter largely predominates. In the road cuttings through the hills south of Goonah 
there are excellent sections exhibiting the distinct flows of rock. In several I noticed the gradual 
passage, within 8 or 10 feet, from a close-gprained crystalline ball trap to a highly vesicular 
and earthy rock at the surfiice of the bed. At the base of a flow also, compact rock takes the 
nlaoe of {he large spheroidal trap of the centre of the mass. In the region from Beora to 
Mehidpur a s&ong, dark, columnar basalt is constantiy met with in the beds of the large 
rivers. In the western region north ofRutlam a porphyritic basalt is common. It is the 
bomstone-porphyry of Dangerfield's description. 

Intdrtrappean beds were ndticed at many places in the north-eastern part of the area; but 
always very local, thin and highly altered into a. confused agglomeration of crvstalline lime- 
stone, arragonite and silica. At tiie village of Bugle ri, 3 miles north-west of Mundesor, 
I noticed at the base of a small scarp of Yindhyan sandstone a bed of breccia made up of 
Yindhyan debris. Although the fra^ents were not water- worn the bed seemed to me to be 
oertaixuy Water-laid ; and it is overlaid by trap. 

Laterite of various descriptions occurs at many places. The regular, primary form of 
tliis rock,-that so generally associated with the Great Deccan trap formation,-is found 
capping the hills south of Goonah ; and, again, the plateau on which Augur stands is covered 
by about 60 feet of laterite, rocky and massive at top, and soft, earthy and ochreous at base, 
as is generally the case with this deposit. 

Black cotton soil occurs frequentiy over large areas, but its connection with the trap 
seems very indirect. I frequently observed trap decomposing into an ordinary yellow kun- 
knry cky, this being overlaid, with a sharp surface of junction, by a thick layer of black soil 

Auffust, 1866. 



Metbobitbs. — The Museum of the (geological Survey of India has beet enriched, during 
the past quarter, by a magnificent specimen of the meteorite which fell at Me now, in 
Mechlenburg Strelitz, on the 7th of October, 1861 0^1862), and also by a perfect cast of the 
whole mass. This mass was purchased at the time by Baron Beichenbach, and has ever 
since remained almost intact in his collection. He would not have it cut, and. specimens, 
therefore, excepting a few of very minute size, were unknown in otiier collections. More 
recently, Baron Beichenbach has oeea desirous of ^posing of this splendid meteorite, and 
after sometime it passed into the hands of Mr. Wm. Nevill, now of Gk>dalming, Surrey, 
whose valuable collection of meteorites is well known. This collection is now, I belieye, 
the finest private collection in the world, and it would rank very high even amonff the series 
in PubHc or Qovemment Institutions. To Mr. Nevill, I am mdebted for tiie splendid 
n>ecimen now here. It consists of about one-third of tJie whole mass, showing on all but 
the cut and polished plane the original crusted surface of the mass. This vilified crust 
is coarser, more fpmiular, and altogether less truly vitreous than usual. I have as yet only 
had the onportumty of seeing the polished surface of the cut stone, and it is not easy tx> 
distinguisn the structure in this way. The sp. erav. is more t^an 4, showing the amount 
of metallic matter in the stone. But a more camm examination of it will be made. 

To Mr. Nevill, I am also indebted for the extremely rare specimen of the stone which 
fell at Perth, Scotland, on the 17th May, 1830. Of this fidl, only one specimen was known. 
This which belonged to Mr. Nevill ^ving been a part of the Lettsom collection purchased 
by him) was divided with the British Museum, and the fall was, therefore, only represented 



PT. 3.] Accessions to Library. 73 

in the ooUections of Mr. Nevill and of the British Maseam. Mr. Nevill hiis now, with 
nngdar liberality, presented his almost unique specimen to the Geological Surrey ooUecidpn. 
the specimen is small, only weighing 6'5 grams. 

In the preyious number (p. 39), when noticing the addition of the specimen from 
Pnltusk, I nad only received the early intimation of the fall, when it was supposed that 
not more than three or four pieces had fallen. Subsequent research has shown that the 
nomber of separate stones^ the mi^jority of them being perfectly crusted on all sides, exceeded 
even a thousand I ! A periect shower of meteorites ! 



DONATIONS TO MUSEUM, Ac. 

A series of bones of various parts of the Solitaire (Pexopha^ solitaria, Ghoiel.) from 
Rodriguez Island, by Edward Newton, Esq., Auditor Cfeneral, Mauritius, through 
Geoff. Nevill, Esq. 

Specimen of Meteorite which fell at Perth, ScotUnd, on the 17th of May 1830, by 
Wdl Nevill, Esq., Godalming. 

Two specimens of roofing slates from Chamba quarries, by Captain J* P. Turton, 
4th Goorkasi 
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Prom 1st July 1868 to SOth SeftbmbbIk 1868. 

Titles qf Books, Donors* 

BsDDoifs, Captain B. H. — ^The ferns of British India, Pt. XX, 4to., Madras, 1868. 

Bnnnnr, Wm. G., and Tbton Gbobob, W. J.— The complete writings of Constantine 

S. Bafinesque on recent and fossil Conchology, 8vo.^ New York, 
1864. 

BouiouiONAT, M. J. R. — Etudes g^olo^que et palseontologique des hauts plateaux de TAtUui 

entre Boghar et TiWet, 4tOo Paris, 1868. 

CAiiLOGtB of scientific papers, 1800-1863, compiled and published by the Boyal Society 

of London, Vol I, A — Clu, 4to., London, 1867, 

CuTFKB, M. Ch. Db.— Bevue universelle des mines, de la Metallurgie, des Travans publics, 

des sciences et des arts appliques a I'lndustrie, Tom. XXU, 6, 6, 
?XIII et XXIV, Liv. 1, 2, 8vo., Paris, 1868. 

Dana, J. D. — A system of mineraloey : descriptive mineralogy, comprising the most recent 

discoveries, 6ui edition, 8vo., New York, 1868. 

Davis, J. B. — ^Thesaurus craniorum. Catalogue of the skulls of the various races of man, 

8vo., London, 1867. 

Dawson, J. W.*- Acadian Geology. The geological structure, orguiic remains, and mineral 

resources of Nova Scotia, New Brunswick, and Prince Edward 
Island, 2nd edition, 8vo., London, 1868. 

Dollfu8-Au88BT. — Materiaux pour Tetude des glaciers, Tom. I, P. 2, 3. Boy. 8vo., Paris, 

1866-68. 

DoTB, H. W. — ^Der Schweizer Fon ; Nachtrag zu ' Eiszeit, Fohn und Scirocco/ 8vo., Berlin, 

1868. 

ISbbxann, a.— Sveriges geologiska Undersokning, 22, 23, 24 and 26, 8vo., with maps, 

Stockhokn, 1867. 

Qbbstabckbb, Db. A. — Klassen und Ordnungen des Thier-Beichs, wissenschaftlich darffesteUt 

in Wort und Bild., Dd, Y, Lief. 6., 8vo., Leipzig and Hei&lberg, 
1868. 



74 EeeartU of ike Geological Survey of India. [vol. i. 

Titles qf Books. Donors. 

Gytbmbbl, Db. C. W. — G^eoflpostiache Besohreilmns' des ostbayeriscben Orenzeebirges oder 

des Dayeiiscben und oberpnUzer Wald^birges, Abih. II, and Atlas. 
£07. 8yo. and Boy. FoL, 1868. 

KBirirooTi, Db. A.<^Elem6nte der Petrographie, zum gebraucke bei TOileBiiiigeii und zmn 

Belbetstadium, 8yo., Leipzig, 18&. 

Labtbt, E. axv Chbistt, H. — Beliquis Aqtdtanicn, Pt. Y, 4to., London, 1868. 

LoBiOL P. DB, BT CoTTBAU, G. — Monog^pbio pal^ontologiqne et gSologiqae de I'^tage 

poiilandien da d^partement d I'Yonne, 4to., Paris, 1868. 

Lybll, Sib Chablbb. — Principles of (Geology, lOUi and entirely reyised edition, ToL II, 

8to., London ; 1868. 

Milnb-Epwabdb, A.*-Bechercbe8 anatomiqnes et palsDontologiqnes pour servir a Hiistoire 

dea oiseanx fossiles de la France, Liv. 18, 19, 20, 21, 22, 410, Paris, 
1867. 

ScHBAUF, Db. Alb. — Lehrbuch der Physikalischen Mineralog^e, Bd. II, 8to., "Wlen, 1868. 

PbBIODICJlLS. 

Ain I Akbari, (BibHotheca Indica, New Series, 141,) Fas. YI. Gott. of Ikbia. 

American Jonmal of Concbology, Vol. Ill, Pt. 4, 1867, and Yol. lY, Pt 1, 1868, 8vo. Phil. 

1867-68. 

American Jonmal of Science and Arts, Yol. XLY, Nos. 134, and 135, 8vo., New Haven, 1868. 

Annales des Mines, Series YI, Tom. XII, Liv. 6, Tom. XIII, 1, 8to., Paris, 1867. 

L'Admikistb. DBS Hinbb. 

Annals and Magazine of Natand History, 4th Series. Yol. I, No. 6, Yol. 11, 7-8, 8vo., 

London, 1868. 

Engineers' Jonmal, Yol. XI, Nos. 7, 8, 9, 4to., Calcutta, 1868. 

Geological Magazine, YoL Y, Nos. 6, 7, 8, 8yo., London, 1868. 

Indian Annab of Medical Science, XXIY, 8vo., Calcutta, 1868. Thb Editob. 

Journal de Conchyliologie, 8rd Ser., Tom. Vill, No. 3, 8yo., Paris, 1868. 

Jonmal of Travel and Natural History, edited by A. Murray, Esq., YoL I, Nos. 1—4, 

8vo., London, 1868. 

Neues Jahrbuch for Minendogie C^logie und Palteontologie, Hft 3, 4, 1868^ 8vo., 

Stut^art, 1868. 

Petermann, Geographische Mittheilungen, Nos. 6 — 6, 1868, 4to., Gotha, 1868. 

Ditto Supplement XXIII. 

Professional Papers on Indian Engineering, Yol. Y, No. 20, 8vo., Roorkee, 1868. 

Ma/ob J. G. Mbdlby, R. E. 

Quarterly Journal of Microscopical Science, New Ser., No. XXXI, 8vo., London, 1868. 

Quarterly Journal of Science, Yol. Y, No. XIX, 8vo., London, 1868. 

GOYBBKHBHT SbLBCTIONS, &C. 

Bbkoal. — Principal heads of the History and Statistics of the Dacca Division. 

Bbnoal Goybbnmbkt. 
„ Annual Report of the Insane Asylums in Bengal for the year 1867, by W. A. 

Green. Bbnoal Govbbnmbvt. 

„ Report on the Jails of the Lower Provinces of the Bengal Presidency for the 

year 1868, by F. J. Mouat Bbnoal Govbbnuevt. 

„ General Report on the Topographical Survey of the Bengal Presidency for 1866-67, 

by Col. H. L. Thuillier. Subvbyob Gbul. of India. 
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2U/et of Boohs. Donors. 

Bbugal.— Qeographical and Statistical Beport of tlie Districts of Jessore, Furreedpore, and 

Backeigonge, by Col. J. £. Gastrell. 

Dt. Subtbtob Genl. of India. 

BoxBAT.— Eb^mib xelatiye to the Bevision of the Assessment of the Indapoor Talooka 

in the Poona CoUectorate, with M^ and Diagram. New Series, 
Ko. CYII. Bombay Goyebnmbitt. 

Ivi>iA.^Beport on Judicial and Bevenue Administnition of Coorg for the year 1866-67. 

GOYBBHMBNT OF InDIA. 

n Police Beport British Bormah, 1867. Extract from the Proceedings of the Chief 

Commissioner in the Home Department, No. 209. Ditto. 

Nosth-Wbst Pbotincbs. — Selections from the Becords of Government, North-Westem 

Ph>yinces. 2nd Series, Pt. 1. Tea Plantations, Vaccination, Benares 
College, &c. &c. Govt., N. W. Pbotikcbs. 

Opbh. — Annnal Beport for the year 1867, on the Condition and Management of the Jails 

in Ou^. Chibf Commb. of Ovdh. 

n Annual Beport of the Administration of the Province of Oadh, for the year 1867-68. 

Ditto. 

>f Beport on the Police Administration of Oudh for the year 1867. Ditto. 

Fvbjab. — ^Beport of the Lahore Medical School Hospital, for the year 1867. 

GoTT. op Punjab. 

n Beport oi the Lahore Medical School, for the year ending Slst March 1868. 

Govt, of Punjab. 

n Beport of the Lispector General of Rrisoos in the Punjab, for the year 1867. 

Govt, of Punjab. 

fiooBKKB. — ^Beport of the Annual Examination of the Thomason Civil Engineering College, 

August 1868. Fol. Boorkee, 1868, Majob J. G. Medlbt, b. b. 

Tbansactions of Socibtisb, kc. 

Bninr. — Zeitscfarift der deutschen Geologiachen CteseUsdieft, Bd. XX, Hft. I., 8vo , Berlin, 

1868. Thb Socieit. 

BoNH. — ^Yerhandlungen des naturhistorischen Vereines der P^ussischen Bheinlande, und 
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Part L] 1869. [February. 

Thx Yallbt of the Foobva BimB, West Bsbab; h^ A. B. Wtnitb, Esq., f. o. s., &c. 

The Poorna valley between longitndes 76° and 78° east, is traversed by the 2l8t 
parallel of north latitude. It is about 124 miles in length from its upper or eastern end 
to where it passes into the larger valley of the Taptee ; the main directions of both diverging 
at fint so as to include an an^e of about 50,° but afterwards becoming more nearly paralld 
or east and west. The width of the valley may be roughly estimated at from 30 to 40 miles 
on an average, but is in places greater. 

Its boundaries ar^ — on the south, the range of the Adjunta gh&ts, — an abrupt scarp of 
the Deccan plateau produced, and gradually becoming less marked, to the eastward — some 
liiily and undulating ground forming the watershed in that direction between the Poorna 
and Wurdah valleys; and on the north, the lofly bold and varied escarpments of tiie GawiU 
ghur range, which carry a high crest westwards near to where the Poorna river runs into 
the Taptee, the tennination of the mountain range here sinking with some rapidity, tiiough 
not being by any means abrupt. 

The southern ranges pass imperceptibly into the usual steppe oharaoter of the Deccan, 
while the mountains on the north are a complex mass or group with a generally east and 
west extension, and such sunmiit elevations as 8,505, 3,778, and 8,975 feet, declining gradually 
nertiiwBrd into the valley «f the (upper) Taptee.* 

These Gawilghur mountains ai-e intersected by steep glens and wider valleys, sometimes 
presenting nearly vertical precipices of great but unmeasured height which may in places 
reach 1,000 to 1,200 feet. The glens and ravines wind intricately among the mountains, 
i^oiding some very fine scenery, and as their streams seldom retain water for any -considerable 
time, the wildness of this is increased by solitude. 

The valley of the Poorna possesses but little variety of geological interest and is prin- 
cipally distinguished by monotonous repetitions of features observable in crossing the Deccan 
from the seaward to this locality, where each hill and gh&t and undulating slope or plain 
exhibits similar kinds of nearly horizontal flows of gray amygdaloidal trap, with here and 
there a bed of harder texture of columnar structure, or of bright red bole, or alternations of 
these ; the traps sometimes containing numerous zeolites. 

In the river valleys, and where superficial ' rain-wash' has aooumulated, a Hght brown 
'bmkury' alluvium is associated with calcareous sub-recent conglomerate below and black 
cotton soil above, one being quite as occasional and accidental as the other, the conglomerate 
or concrete being perhaps the most persistent along the river courses, the brown alluvium 
OT (?) " soda soil'T more universal and tne cotton soil occurring, subject only to the rule that 
it is always uppermost. 

Upon descending the escarpment of the Deccan into the valley of the Poorna its alluvial 
plain IS entered, often at no ^r^t distance from the ghftt, and stretching away as &r as can 
M seen ; only clear days penmtting some of tiie nearest mountains upon the opposite side 

* Thew heights toe taken from a email photograph eopy of a map of Oangra by J. Mnlheran, Heq. 
t This effloieecfaig brown aUuTinm ia conaidered by Mr. Blanlbrd difE^mit from the **soda eoB*''of 
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to become vbible. Heights not being given upon the best maps obtainable, the eleTRtioD of 
this plain and it8 boun£try ranges could not be ascertained even approximately in the absence 
of a oarometer — which is to M regretted, as the main watersned of India separates the 
sources of the Poorna from those of the Wurdah, the water of the former being dischaii^ 
eventuallj at Surat whilst those of the Wurdah are tribatary to the Godaveri, which 
enters the sea below Bajahmundry on the opposite side of the peninsula. 

The alluvium of this great plain, although of very considerable depth and occupving 
so large an area, is as completely isolated from that of the neighbouring rivers as soefa % 
deposit can be said to be. A secUon crossing the valley from the Adjunta ghAts, by Eduli- 
bad across the Poorna river, to the western termination of the Gawilghur range, would show 
the ordinary trap of the Deccan, forming the high ground at either end, and an undulating 
country between, which viewed from above or from a distance has a plain-like aspect, but 
frequently exposes the rocks of which it is formed ; consisting of the usual traps, here ud 
there covered only by slight detrital accumulations of the same kmds as those of the Deccan. 
Except on the very banks of the Poorna no considerable quantity of alluvial matter woald 
be found, and this does not extend far from the river at either side. North and soutJi through 
Mulkapoor a different section would be obtained. Hare a wide space, chieflj on the sooth 
side of the Poorna, is occupied by fine brown calcareous alluvium with ' kunkur' aod is 
connected by a narrow neck, at Peeprala, with the great alluvial deposit of this valley which 
in thickness may exceed 160 feet ; and nothing else, save varieties of this, is to be seen in or 
near the river from Dadulgaon on its souui bank eastwaitls up the stream nearly to the 
" sungnm" or junction of the Phairlee river, which enters the Poorna near Kowsa, if we 
except two or three small exposures of trap in its bed near Peeprala Fulsoad and about 
three miles west of Burra Golagaon. xhe Poorna changes its ooune frtnn tiie N. N. £. 
at the junction of the above-named tributary, and thence takes a westerly dirsctwn .-^the 
alluvium on its south side seldom extending beyond au average of ten miles from the river 
and nearly coinciding along its southern boundary with the Nagpoor extension of the Great 
Indian Peninsula Railway — while on the norUi it reaches nearly to the base of the moan- 
tains. On the east its rather arbitrary and more or less indefinite boundary closely 
approaches the watershed east of EUichpoor and bending southward traverses nndulatiiig 
country eventually reaching the flanks of the hiUs near Oomrawuttee.* 

All round the marp^ of this alluvial tract is a belt of country that mifl^ht or might 
not with propriety be mduded within it, although the surface deposits tiievs do not conceal 
the underiving rook, the exposure of which was taken as the chief g'uide in detennininff 
the line or boundary. On the north and east, this tract of countiT is very stony, thoogn 
nothing rosemblin^ an ol^ beach is seen, and it may be supposed tiiat streams defloen^g 
from the mountains and hills have freouentl^ travelled across this space, their courses sub- 
ject to lateral deviation, covering the whole of it with the coarser fragments brought down 
by floods at a time perhaps when the water of a lake or the sea, occupied the basin of the 
filler alluvium and arrested the boulder-bearing velocity of these mountain streams.t 

In every part of the alluvium calcareous conglomerate or concrete is of common 
occurrence. It occasionally contains fragments of bone or fossil teeth of ruminants, but 
altihough sought for, no large aocumulafion nor even a large fragment of these fossils, was 
observed. Yet enough was seen to show an identity of the conditions under which these 
deposits and those of the Nerbudda valley were formed. This sub-recent conglomeistex 
is very frequent in the stony tract above mentioned. It was everywhere searched fi)r worked 
flints but without success, fdthou^h one flake was found in a quite similar deposit, forming 
tiie right bank of the Godaven at Pyton in the Deccan, at a considerable distance to the 
south. 

Small land shells are not uncommon in the alluvium, some were preserved and trans- 
mitted to Calcutta, but in general they were too fragile for removal. They appeared to 
belong to existing species. Specimens of Melania tuberctUaia ; Paludina BengaUntU; 
Bithtnia jmlcMUu ; lAfmtuBOr—; Planorbis^; Unto (?) favidens : U.—t have been 
recognized. 

* Fnwoonaed Oom'rowtee. 

t At one plaoe in the •tmm nasr Dhuapoor the stonj margin sMmed to nalte with the flnerilhiTiaffl Vj 
altarnatioas of oosne and ifaie strata two feet or eo in thickness, 

X Th6.aative nasM for this < concrete' i« ** Khrmk." 
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A deposit of varying thickneaa (within three feet) and but small lateral extent, consist- 
ing of fine daaslingly white sand finely laminated occurs in the allavial bank of tiie Pooma 
at Pamth. It ai>pear8 to be composed of comminuted or disintegrated crystals of felspars 
with a snudl admixtore of clay. It did not appear to be formed of or to contain minute 
organisms, such as foraminifera, and was not elsewhere observed. 

Much of this Pooma alluvium produces efflorescences of salts, of soda chiefly, and in 
many plsoes the wells sunk in it are brackish or salt. Over a wide tract on each side of the 
Poorna river, north of Akola and thence eastward towards Oomrawuttee, wells are 
•pedaJIy sunk for obtaining common salt from highly saturated brine. 

Some of these salt wells near Dyhunda in the lands of Qunoree are from 120 to 130 
&et in depth or probably more. They are sunk through yellow clay, then redder clay, and 
below this a coarse sand or fine gravel from which uie water issues with great force. They 
are lined with wicker work in order to preserve the pottery vessels, in which the water is 
raised by hand, from breakage. The crystals of the salt are small and it is rather dirty, but 
during (Le "dhup kAk" or hot season, it can be obtained whiter. The wells are numerous 
over m tract north of the river and some also oceor to the south. 

Tliat the alluvium of the valley is of considerable depth may be perhaps inferred from 
the absence of numerous exposures of rock, as well as from the depth of nullahs and height 
of the river cliffs. The conglomerate, as usual, occurs in its lower portions, but was observed 
in some places west of Patulla at different heights in the sections exposed. Its constant or 
frequent occurrence beneath the rest of the alluvium would not prove its being contem- 
poranoona in all places, as the trap rocks, upon which these deposits lie, cannot be presumed 
to have had a surnice sufficiently even to have permitted this. 

Whether the whole of this alluvium was deposited in a lake, or by the river travelling 
from bide to side of the valley under other conditions tlian at present obtain, does not appear. A 
former estuarine state of tilings may be indicated by the salt-bearing gravels, or a large 
salt lake, but the even though interrupted surface of the alluvium is against the probability of 
its having been dej^ositedbv the Poorna under present conditions; while want of informa- 
tion as to the relative levels, obscures the possibility of determining whether the rocky 
eountiy about Edulabad may not have formed a natural bwnd flooding tiie country occupied 
by the alluviimi ; certainly the stream through most of this is sluggish, but it seems to be 
a rather strong assumption, that no greater frdl than the height of the river banks where 
it enters this rocky tract — ^perhaps on an average not more than 30 feet — ^takes pbce within 
so great a distance as extends between this and the upper end of the alluvium, about or 
S. W. of Oomrawuttee* 

Good water is scarce in this district, in some places shallow ' jhieries '* alone can be 
depended upon for a supply, the wells being brackish and even the river gravels frimishing 
brackiBh water if pierced to any considerable depth. A succession of dry years seems to 
have greatly reduced the usual supplies of water, and very many of the villages among the 
hills to the north are deserted, it is said, because the streams which supplied them formerly 
do not now fumiBh sufficient water. Not improbably the diminution in the supply has been 
caused by the wholesale cutting down of the jungles whidi covered the country before the 
period of the EngHsh Baj.f 

The hills and portion of the valley south of the Poorna river have been stated to consist 
of trap similar to that of the Deccan ; all the usual varieties of amygdaloid, zeolitic, 
oolumnar, hard, gray, and softer, ashy-looking traps occur, their stratification being very 
perceptible, and always nearly horizontal. 



* This iiun« is applied to small excavations in the sandy bed of a liTor reaching the water which trickles 
beneath the iorfhee, and thai becomee naturally filtered. 

t Want of water Is much complained of at Cliikolda. There seenui to be no reason why the plateau to the 
Silt of the bimgalowa shoold not aflord a snfflelent catchment badn for the station. As the tnppean staata of Vtm 
hiQ dip N. by W. at 6*. if weUs were sunk, the north side of the plateaa wonld be the position to choose with most 
pitAiabtllty of success. Near the bnnsalows howerer the nlateao, if such it can be called, Is very narrow, and aflhrd* 
a much smaller catchment area, yet eren here the hiU most contain strata which retaia water as it issues firom the 
rocky beds of nullahs, and one well immndiately beneath the northern edge of the ptotean, and at a oonsiderable 
k«ight npoa thenaoaitds sMe^ is stated asvw to ffo diy. 
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About tbe Gawilghnr range on the north thete is a oonetant dip at low angles m that 
direetion, the lower part of the range being chiefly composed of amygdaloid and soft tram ; 
and hard basaltio beds oocnrring in greatest qnantity among the higher parts of the hula, 
where such bands may be seen to coorse along the siaes of cMs and mountains for several 
miles ; a capping of the harder trap remaining nere and there on top of an isolated peak or 
hill, while lower elevations around have less angular and more flowing outlines, being formed 
of the softer varieties of the trap. 

Occasionally along the base of this range, the beds have been thrown into wide curvaB 
with very gentle inclinaikionii, their axes dipping but slightly to the northward. 

Intertrappean beds are said to occur among the Gawilghur hills ; they were only detected 
in one place, and consisted of hard chert enclosing numerous shells : but though near, thus is 
not properly speaking within the Poo ma valley. 

Perhaps tJie most interesting gedogioal feature of this oonatiT ia the oocurrence of a 
great fiiult» with a down-throw to the 80uUi» which nsay be very conaidemble, as it shifti the 
trap downwards for some two or three hundred feet visible, added to an unknown thickness 
of the trap which is buried, by it, so that trap, of what exact horiaon cannot be stated, is 
brought against the underlying Mah ade va or B&gh (Tan da )* sandstones. This fault crosses 
the country in an east and west direction, dose to the fl>ot of the Gawilghur range north of 
Ellichpoor, where the abrupt southern scarp of the range shows these sandstones, oocnpying 
the interiors of open curves in the trap like those just now mentioned. The difference of 
inclination between the sandstone and the traps is but slight, so that their unconformity is, as 
usual, not very strongly apparent, though it nevertheless exists ; the line of contact where the 
overlying traps rest upon the sandstone, is frequently difilcult to see when dose by it, though 
from a distance the difference of coloring and the bold projections of the sandstone outcrop 
mark it welL The sandstones are diiefly soft or coarse v^te and even-grained rock, which 
would doubtless make a good building stone. A large mass of these occurs in the bwer 
portion of the group exposed ; above them are conglomerates, o&ar sandstones of similar kind, 
purple and black shales and flagstones, variegated and white flagstones and shales, and then 
solid gray limestone with silicious or cherty nc^ules of peculiarly rugged aspect ; these lime- 
stones in some places becoming so variegiited as to form what if poushed would doubtless be 
a handsome mar ole. 

In this group of Mahadeva or B&gh beds dipt to the north of lO"* and 16°, with othen 
more nearly horizontal, may be sometimes seen ; these beooming less as the sandstones finallj 
disappear beneath the Ghkwilehur traps to the north of the cantonments of Ellichpoor. In 
the nver at Nurrha, north-east of the latter place, the section is somewhat unusual. The 
ground here seems to have been intensely fiiulted, and instead of leaving the trap and passing 
over the fault on to sandstone at the base of the hiUs, tnqp is agam found north of the 

general line of fault ; then occur several large dykes of another intrusive trap different from 
[lat usually met with, between which are masses oi the limestone, sometimes resting npcm 
a^ conglomerate, and tilted in various directions at angles of 35° and 50.° Beyond this 
disturbed locality the next rock seen is sandstone, horizontal for some distance but soon 
overlaid and covered up from view by the unconformable trap. 

In the flaggy portion of the Mahadeva or B&gh group, impressions of large plan^ 
have been observed, and in the shales and some of uie limestones numerous small umvalTS 
shells. 

Fossils were known to have occurred north of Ellichpoor, as mentioned by Dr. Bradley. 
These sandstones were known to the late Eev. Mr. Hislop, but seem to have been erroneouslj 
considered inter-trappean. Lithologically they frequently recalled the appearance of the 
sub-trappean cretaceous rocks of B&gh-Tanda and Bajpoor along the Hutnee river, aCf 
in the valley of the Nerbudda, and it was a disappointment not to find the same, or the 
same ouantity of fossiliferous evidence here, the G«ds in both pUces being possibly, or 
probably, of the same age. 

lAterite occurs on the new road from Ellichpoor to Oomrawuttee at a place can^ 
Bulffaon or Burgow, about six miles from the latter city. It is more properly a l***"^**^ 
fionglomerate of simill pebbles cemented together by iron oxides. It lies horizontally, and has 

•^ ■' ' ■■ ■ ' -■ ■ ■■■ ■ "~ 

« Bit h-Tanda is the name ffenerally oied by p«oplfl whan spaaklnv of Mgh at a distance thenftom. 
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■laeh the AppeAnnoe of a re-«omposed rock, in manj plaoes quite inooherent, haider at the 
top and oatsides than intemallj, aod the pebbles are all red, bright purple or ferruginooa^ 
shied oQtode and not reoognizabto as derired from any of the traps of the country, unless 
nan th(»r resemblance they might be taken to have come from one of the beds of red 
bole, which are not Yery uncommon ; but then there is no reason why if so derived they 
should not be intermixed with other trap pebbles. This has all the appearance of a local 
depoflit, does not crop out in some natural excavations near at the same level, and appa* 
rentlj passes away underneath the cotton soil, but being horizontal or nearly so shows 
for a considerable distance along a sluggish stream whicn occurs here, occasionally vaxy- 
VDg in structure so as to become a motued white and purple rock of some strength. 

In one place on the bank of this stream a little cliff shows the inooherent gravel 
lesling upon a soft ferruginous bed, about 9 feet thick, with some lines like those of 
deposition.^ Beneath this are 5 or 6 feet of greenish-gray trappean mudstone, very splinterv 
and breaking up into cubical forms so much that it is nearly impossible to obtain a frew 
fracture ; some narder parts seem calcareous, and have a fracture resembling that of compa(5t 
iimestone. The laterite may be traced for more than a mile in an east and west direction. 
Near Bndja Kaira, on the larger river here, strong vesicular laterite undulates about 
honaontally, but does not continue down the stream. 

Agun at Reethpoor lying to the eastward from Oomrawuttee, there is a quantity 
of laterite in low swelling undulations — with the usual appearance of lateritio ground, a 
ferroginons more or less smooth surface and oecasional hara projecting knobs, but no good 
teeiiens of the nxk. 

At Chickulda (the hill station en top of the Gawilghur range frequented by people 
from £1 1 ich poor), the plateau upon which it stands and the surrounding summits have a 
itroegly latentie appettranoe such as may be seen at Matheran and other summits of the 
Western Gh&ts. 

These indications of laterite, occurring as they do in situations where the uppermost 
beds of the trap series might be supposed to occur, may indicate a similar or nearly the same 
lateritio horizon, which is known to occur among the uppermost, if not actually on the top 
of, the Beccan traps along the Western GhAts. Otherwise they may be referrible to zones 
of fennginous strata more specially lateritic than the layers d red boley trap referred to as 
occurring in this neighbourhood and on the Deoean plateau ; but their limited development 
and isolated character hardly afford sufficient grounds to reason upon with much probability 
of arriring at trustworthy conclusions. 

The cotton soil or black soil of the Poo ma valley, although common enough, as is usual 
in these trappean districts, has no geological peculiarity here requiring attention. To its 
development, nowever, and the fertile na&rs of soils derived from the trap may be traced 
doubtless the name which this country has obtained as a cotton-producing district. 



On the EuDDAPAH and KvnsooL Fobmations: by W. King, Junr., R A. 

The rocks fi)rming the greater parts of the Euddapah and Eurnool districts in the 
Hadras Presidency have been long Imown through previous explorers under the names of 
" Diamond Sandstone," " Clay-slate Formation," &c. They extend over such an immense 
area, and are found to be so complex in their stratigraphy and so diversified in their rela- 
tions, particularly among the k>wer and older groups, that their systematic survey is not 
yet quite completed, though some years have ali«ady been spent in their examination. Suf- 
ficient, however, is now known of them to warrant the giving a short sketch of this interest- 
ing series of rocks. 

The series consists of great thicknesses of ouartzites (altered sandstones), slates, trap- 
flows and their associates, and limestones ; and these are found to constitttte two (if not 
pore) great and distinct formations. To the older, being so typically and largely exhibited 
in the Kuddapah district,* the name Kuddafah FoBKAnoNhas been assigned ; while the 
pewer Kubnool Fobmatioit derives its appellation from the adjoining district over which 
it is so very well seen. 



• Knddapah town llaalf la on ihalea and Jtmaatonsa of .oim of the grosps in the newer formation. 
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The area of these rocks, from tiie Kistnah river down to Naffgery Nose,* their 
soathemmoBt extremity, is about 13,600 square miles. The greatest uiiokness of each for* 
mation, as at present known, is : — KuBNOou, 1,SOO feet ; Kuddafahs, 21,000 feet 

The most interesting feature about these formations is that they are most probably 
representatives of \he g^at ViirDHTAir series of Indian rocks. This conclusion has been 
arrived at from careful comparisons of typical rock-specimens from either series, and of the 
recorded observations made during the surveys of each. The Yindhtans have now been 
traced as far south as the Godavery river, where it traverses the district bearinz its name ; 
and here they are so lithologically and stratigraphically like the Euddafahs and Kuanools 
on the Kistnah river, not very far south, that there hardly remains a doubt as to the identity 
of the one with the other. 

The history of the EuddapaHS is still to be thoroughly worked out ; and on thiii 
account, the present sketch will be more directly confined to a description or the Eubnools. 
There are, however, some well-marked and clearly made out features of the Euddafahs 
which may in the mean time be adverted to. 

Both formations agree in this, that they are largely made up of boartutes, while 
limestones are sparingly developed in one and extensively in the other ; but the EuPOAPiHa 
are distinct in showing strong groups of clay-slates, with one of which it may be necessary 
eventually to include the trap-flows and their associates referred to above. 

Supposing at present that all the quartzites, slates, J^, not included in the followiog 
description of the Eubkools, may be considered as of the Euddapah Fohmatiox, 
it is then possible to give an idea of their locality in the great area of country occupied 
by this formation. 

The Goolcher 00 hill-rangpes south of Euddapah, and their extension south-esstiraid 
down to Triputty and the Naggery hills, are maae up of quartzite sandstones and conglo- 
merates ; while rocks of the same kind with bands of slate go to form the long range of the 
Eastern Ghats or Yellacondas lying between the Euddapah and Nellore districts. The 
country south-east of Euddapah, that is Ontamitta, Chitwail, Poolumpet, (tc., 
within these mountain ranges, and that due north of it: — Nullamullays, Bud wail and 
Cumbum, up to the Eistnah river, are also made up of like rocks of the same formation. 
The Gundicottah range of hills, north-west of ET^uddapah, is likewise of these old 
quartzites, and the parallel ridges and valleys between that range and the Bellarv district to 
tne west, with their extensions right up to Jaggarnat-Conda (hill), a few miles south of 
Eurnool,areof quartzites, slates and traps. 

These older rocks are interesting as bein^ traversed, at rare intervals, by veins and 
strings of copper and lead ores, accounts of which have from time to time been jpiven by 
writers on the resoui-ces of Eurnool and Euddapah. Copper ore occurs very spanogly ; lu 
fiict, there are only traces of it, but the sulphide of lead is more abundant. Tne workmgs 
for both were abandoned years ago; a state of things perhaps due to the difficulties 
in the way of living at, and working the mines, rather than to a fkdlure in the ore. 
Traces of uiese ores are also known in xke older crystadlines or gneiss, of the remainder of 
the districts. 

With such a brief account of what is at present known of them, the Euddapahs may 
be left for future description. 

EVB500L8. 

This formation unfolds itself as a doable series of groups of limestonea and quartzites ; 
the lowest beds of all being quartzites, as thus, in descending order :—* 

1. u—ton. (ooup r (S: Sl^SZ^- 

m o^^^k^ »«Mnn J ■• Pinnacled b«da. 

a. QoarUlte gtoap \ y^^ Fho^wi beds. 

a. Non-ealeareooa ihaleB. 



3. Limeatone group tb. Limestonea. 

MaaeiTebeds 

fieda (oontalsing diamond gangoe). 



t Q.iirt>lt«(i».p ^».lto«iT.l«d.. 



• A pwk of (h« Ninerj ctDge, (boot H) ailai W. S. W. of Madru. 
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These four gronpe are quite dintincty though conformable ; they generally overlap each 
other in some jpuart of the field, and they lie, for the moet part, very much as they were 
orinnally deposited, viz., in great flat basins witii edges slightly tamed np,* or in very flat 
nndulations, from which, however, the upper limestones are always denuded, leaving the 
qutitzites exposed. 

IST GbOITP, EhOOKDAIB LIMB8TONB8. 

The uppermost group lies nearly all over the wide Khoond- air (river) valley which 
stretehes noraiwards from Kuddapah town, and over most of the Kuddapah basin or southern 
«xtremit]r of this valley. There is a sm^ outlier under the fort of Kurnool ; while more 
ot^iit same rocks cover the eastern extremity of the Raichoor Do4b. Again, a considerable 
dsiiehed area of these beds, with the other groups, occurs in the Pain 4 d, or western taluqs 
of the Kistnah district. 

The rock coming to the surface,t especially in the Ehoond-air valley, is not, however, 
alwajs limestones ; more generally, there are reddish-purple calcareous shales (occasionally 
deared), and these constitute the upper member of the group. For instance, the shales occur 
all up ti^e middle, and very strongly at either end, of this great valley. They gradually shade 
down into the typical limestones of the group, which are dark-gray, more or less earthy, 
sub-oystalline bees ; sometimes very massive and thick, oftener flaggy or easily split up 
into f^gfi of 1 — 3 inches in thickness. The limestones are also occasionally more crystalline 
and compact, and cleaved to a certain extent, where folding or crushing of the beds has 
tiken place, as along the eastern side of the Ehoond valley. They of course show most 
along the skirts of the valley, as near Kuddapah, Podatoor, Dhoor, Chagalmurry, 
Sirw^l, and so on up to the banks of the Kistnah . 

2vD Gbofp, Pavbum Quabtzitbs. 

Along the western side of the Khoond valley, the country rises very gently in a series 
of low long-sloping hills, with a few plateaus and undulations, which finally present an 
irregular scarp towards the Bellary district. These are the Gundicottah, Kamwarum 
and Paneum hills, whose surfaces, with the exception of the Gundicottah range, are made 
TO of qoartzites of the second group, which thus rises up from under the limestones of the 
Khoond valley. 

This is the only side of this part of the country over which these quartzites occur ; 
tfaej- do not appear on the western side of the valley, for the group thinned out altogether 
in that direction, as well as to the north and south ; the sections among the turned up strata 
on this side showing the upper limestone group lying on the lower one without any inter- 
Tening quartzites, as is the case in the sections on the western side. 

Altered sandstones of the same group show rather strongly in the Kistnah district ; 
irhere they are again, through the denudation of the upper limestones, the superficial beds 
of the low hills in the south-west comer of the Palndd. 

The quartzites are of two kinds, quite distinct enough ns features in the landscape, but 
hardly suniciently so to be referred to as separate members of a group. The upper variety 
is a thick-bedded, massive, compact, white sandstone, much vitrified, but granular, and 
showing a very peculiar style or weathering into massive buttresses and pinnacles. The 
strata are generally horizontal, or at a very low an^le, and the steep-sided ravines and scarps 
denuded in these are often fringed with stximgely picturesque masses of rock, or the slopes 
helow the scarps are strewn with great fallen masses of the same beds. The high-road m>m 
Komool to Nundial passes over a plateau of those white quartzites, and the quaintly worn 
mssses immediately remind one of some rocky coast from whence the mshing and tumbling 
waters have long since retired. 

Coarse sandstones and gprits, with pebble beds, of dark colors, and in thinner strata 
us generally found subjacent to tiie thicK, white, pinnacled quartzit^, and are often alone 
without the covering of the upper beds. In sucn last cases, the remaining beds now form 
the summits of a number of flat-topped hills fringing the Koilkoontla and Banagan- 
pilly sides of the Khoond valley. 



* The lalQSceni Kusdapaxb are, on the contraryf tamed np on end, (^Tolnted, cnuhed, and (bolted in the most 
'•fed way. 

t The Khoond valley is Tei7 extenaiTely corered with cotton soiL 
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SbD GbOUT, JumnTLMUDIUGOO LuCBBTONSa. 

Wherever the aboTe group of quartzites has been cut through, it is seen to be resting 
quite conformably on a thiac seriee of shales and limestones ; oocaaionally ^e shales thin 
out and nearly disappear altogether, and then the quartzites look to be resting directly on 
gray limestones. 

These constitute the second limestone group among the Kubnools, and they are 
generally easily distinguishable from those of uie KhooncT valley. The shales are generally 
of a buff color and are never calcareous, while the purple shales of the upper group are 
always more or less so ; and again the limestones are as a rule more crystalline and compact 
There are, it is true, just as estrthy and flag^ beds to be found in the upper as in the lower 
group, but such beds are less freauent m the latter, and they are arranged in definite 
succession. There is generally a three-fold series, thus: — at the bottom, compact, snb- 
orystalline gray, and some purplish beds, with a thin series cyf peculiar limestone breccias ; 
in the middle, thick, compact-splintery dark-gray and bloeish beds ; and thirdly, pale and 
dark-gray compact^ sub-crystalline and sub-earttiy, often flaggy, beds. 

The more ciystalline and compact beds weather in a peculiar coralloid manner; the 
worn surfaces being so radiately furrowed, pitted, and concentrically terraced, that the rock 
seems to be made up of two or three different forms of coral ; but close examination has 
failed to show any organic structure. This coralloid appearance is characteristic of anr 
great show of these lower limestones, though the same feature is also seen every now and 
uen in the upper group. 

This generally more crystalline set of limestones is seen at intervals, along the eastern 
side of the Khoond valley, in a narrow belt of outcrop at or near the western base of the 
Nullamullavs. Again, on the western side of the same valley in Koilkoontla and 
Banaganpilly. and in the valley between the low Nosoom ridge and the Gundicottah 
hills, and so further south, in the western part of the Kuddapah basin, where the Neijee 
quarnes* have been opened up in the thin and compact beds of the group. 

In the steep western slopes of the Gundicottah, Ramwarum, and Faneumiuges 
ef hills, these limestones again come to light and form a narrow continuous terrace below the 
vertical scarps of upper quartzites, all the way from the tops of the hills eaatof Tadpurthee 
(Bellaiy district), up to within 24 miles south-south-east from Kumool, when it spreads 
out in wide sheets between the lower and gentler undulating hills which are here sinking 
down to the flat country of Kurnool, itself built on a further out-stretch of these same 
beds. 

Here, in Eurnool, the group has thinned out a great deal, but still there ave the three 
varieties of limestones in their proper order: the canal being out in thin flaggy upper beds; 
the more crystalline strata cropping out between the canal and the village of Calioor; and 
the thin erey compact sub-crystallines, though altered much by local igneous action, showing 
close under the western bastions of the town. Thence, with the exception of some slight 
denudation in the Toongabudra and Kistnah, these limestones extend northwards to a 
few miles beyond the latter river, in the Hydrabad territory. 

In the Paln&d there is the limestone again in great force. It here presents identicsl 
characters with those in Kurnool and if^uddapah, except that it is more extensirelj 
deaved ; and that the white and buff non-calcareous shales are only seen to a small extent 

4th Gbouf, Banaoanfilly Quabtzites. 

Lowest of all of these strata comes another quartzite group which is interesting ^ 
including the beds from which only diamonds are known to have been extracted in the 
dJatricts under description. 

Hence, if the old nomenclature of " diamond sandstone," or '* diamond formation" ^^ 
to be employed in a classification of Madras rocks, it would have to be applied to the KtB- 
K00L8, or one of the ^ups included in that formation. There is no case known of diamonds 
having been found m quartzites of the Kuddapahs, or in fact in any other group of 

* These quarries were opened, and are now txtexuAvelj worked by E. W. Bamctt, Esq., who has used tbe ttooe 
whenever practicable on the Madras KaUwaj, and for the new Madras UniTersity and other pablio baUdiaff* ui i* 
Prstidenoj. 
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QiurtiiiM but the one now described. It is not* however, advisable to employ a name to 
aistangoish a fonnatioti, which is derived fiK>m what is evidently onlv an accidental attribate 
<f the rocks ; while it is not certain that the diamond sandstones of Pan n a in Central India, 
vhich bekmg to the Yikdhtan Sb£DI8» are on the same geological horixen as the diamond- 
blaring beds in the KnjBNOOLS. 

This Rroup of qnartzites is a generally thin series of coarse sands^ grits, and pebble 
beds, of £vk colors ; the sandstones beine in thick beds, while the grits, ^, are senerally 
thin lad sonoetimes flaggy. The pebble beds are full of sxnall firagments of chert of various 
eokn which are evidently derived from the slates and trappeaa beds of the Kvddafahs, on 
tbe op-tnmed edges of which they now rest. 

The relations and constitution of the group were fintmade out at Banaganpilly in the 
Kornool district, where the long sloping hiU which rises to the west of the town is faced 
viih the qnartzites.* From this point the strata were traced to the west, on either side of 
the Pnspulla valley, as another narrow terrace of neariy horizontal beds of not much 
thickoeas, below and continuous with the terrace of limestones of the second group, already 
referred to as lying below the western scarps of the Bamwarum and Faneum hills. 
Indeed, these lowest qnartzites form the toe of these western slopes. 

The thin-bedded pebblv strata which are generally the lowest in the noup seem to be the 
boldezfl of the gangue, or shaly seams, in which the diamonds are found, but it is only at 
nre intervals in the exposed area of these pebble-beds that worklnes have been opened, which- 
» partly accounted for by the fact that these seams of sandy and pebbly shales are only of 
lool occurrence in the qnartzites. The selection of working sites seems mainly to have 
bwn guided by chance, as the finding of a diamond by a cooly or shepherd, and the selection 
hu been a luckv one in only some cases, for there are localities where extensive workings 
Ure evidently been carried on for centuries; while others have soon been deserted. The 
diamonds found at present are very small and not of much value, nor do the returns seem to 
have been any better for many years. The workings are of two kinds ; mines excavated in 
tbe strata, or pits sunk at various points in the recent deposits of debris, shingle, and gravel, 
derived from the denudation of the quartzites.t The Banaganpilly workmgs are mainly 
Bunet, while the now deserted pits at Chennoor near Kuddapah were in recent gravels. 

In the Palnad,^ there are again a set of altered sandstones answering to this group, and 
tbere too among these beds are frequent traces of old diamond workings. 

The lowest group of the Kurnool formation is always found to be resting nnoonform- 
ably on other quartzitee, slates, and limestones ; and where it is overlapjwd by the superincum- 
bent limestones, these in their turn are found covering the older rocks in the same way ; in 
&ct, there is not the smallest doubt but that the four groups now described constitute a 
distioct formation separable by a great interval of time from the subjacent str^, or the 

Both fiirmations are totally devoid of any fossil remains, at least not a trace of evidence 
of oigaoic life has been found m their strata, and in this they are like the Yindhtaks which 
are as indicative of a period when there was no life. No more likely series of rocks for con- 
taining such remains could be imagined ; and one is tempted again and again to examine 
£iT0Qnble localities, but always with no other result than some deceptive concretions, or 
voim-like tracks, or the most perfect surfiioe of ripplings in the sandstones. 

Neither can it be that fossil remains which may have once existed can have been so 
»nnpletely obliterated by the metamorphic influence to which these rocks have been exposed, 
» to bave left no trace behind ; for whenever we have the originally sedimentaxy contri- 
tntion of the rock apparently completely baked out of sight, as it were, — as in the case of 
pebble beds and the coarsest conelomerates, which, until they are weathered, are as uniforml}' 
granular qnairtzites as one could wish to see—, the various weathering influences have again 
rerealed the original constitution. 



* Hie Btaagaopillj dianumd minM are annk and worked on the alope of this hUL 

t Tbeae d^brla-depoalts are often qaite outalde the area of Kvodatawb and Kvairoou, and hence we ooeasionallr 
kjor ttf diamoDda heing found in the neighbourhood of granite, or gneiaa, when they are auppoaed to be darived from 
tke latter rocka. 

X it may be aa well to notice that the so-called Jnggiapett coal-field ia a noith-easierly extension of the PaliuSd 
4ita, aad the Jnggiapett rocks axe KvavooLa and KunoxrAns wldch are not at all of a cou-betring character. 
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^ There tre deceptive appearances of organic staructove, sucli aa, minute oonoentrically 
laminated globular Dodies, m some of the Kuddapah rocks ; the oormlloid character of tk 
Knmool limestones ; minute C^m-like bodies in tiie upper limestones ; the dendritric 
crystallizations of the oxide of manganese in qnariadtes, limestones, and sUtes ; and lasUj 
the cayities of clay-galLs so frequent in the sandstones ; but time of oonrse are all referribie 
to other than organic origin. 



OBotooicAL Sketch ot ths Shilloko Plateau: 6y H. B. Heducott, 

F« G. S., Gkol. Survey of India. 

The main features of the geology of the Shi Hong plateaUi on the north-eastem ttoniier 
of Bengal, have been known for some time : cretaceous, nummulitic, and younger • traia, 
resting horizontallv upon metamorphic rocks of various types, at an eleyation of 4,000 
to 5,000 feet, and doubtMly related to eactensive masses of trappean eruptive rocks. A brief 
opportunity has recently occurred of visiting the hitherto geologically unexplored western 
portion of the plateau in the Garo region ; and also of re-examining the central poitioDi 
m the Khasia district, at a season lohsn field work was possible, A brief abstract of ibe 
results is here given in anticipation of the more detailed description. 

Beffarding the supra nummulitio rocks, which are very poorhr exposed in the central 
region, little fiesh inmrmation has been gained. From the sandstone of Nongkalone on 
the western limits of the Khasia district, where it rests upon nummulitic limestone, Cap- 
tain Godwin- Austen has made a collection of fossils upon wnich Dr. Stoliczka remarks that 
'' none of the species, so fiar as reoo^fnizable, appear to be identical with those known firom 
the nummulitio beds of the same district" 

The nummulitic formation presents a total change in the character of the deposits 
from east to west : from being purely sandy and calcaieous, they become almost entirely 
argillaceous. 

The doubtful horizon between the nummulitio and crataoeous formations has been 
worked out. The former does not overlap the latter ; the northern outliers, so £Eur as' known, 
are all of the cretaceous deposits. 

The local order of tiie cretaceous deposits at Oherrapoonji is described^ 

Many of the fosailfl collected have been identified by Dr. StoUczka with forms oocorring 
in the Ootatoor and Arrialoor groups of the upper cretaceous rocks of South Inclis. In 
the small collection obtained, there were recognisable eleven forms of Cephalopoda, twenty- 
seven of Gastropoda, eleven of Lomellibzanchiata, three of Brachiopoda» and fonr 
Echinoidea. 

A very extensive formation of stratified eruptive rocks is exposed, unconformably orer* 
laid by the cretaceous strata and resting in natural junction against a steep fiioe of the 
metamorphic rocks along the south base of the plateau. It is fuUy 3,000 feet thick, ^o 
inter-trappean sedimentary rocks, nor any infra-trappean younger than the metsmorphics. 
having been found, it is impossible to assign the age of this eruptive formation. It is pro- 
posed to call it the Sylhet Trap. 

Totally distinct from this is the Khasia Trap, so massively develoned in the intenor 
of the hills, associated with the younger metamorphics. It is probably nypo-synchronoas 
witli these, •. e., introduced ( P formed) at the tune of their main disturbance and meta- 
morphism. 

The granite occurring, both in large masses and in dykes, through the upper meta- 
morphics is younger than tne Khasia Trap. 

The separation of the Shillong series (the upper metamorphics) &om the Gneissic 
series, is conjecturally indicated. 

The j^uliar position of the plateau, between two great regions of disturbance.^ and the 
close relation of the stratigraphical features with the south-eastern of these mountain-regi<MBs 
are discussed as illusti'ative or current opinions upon crust-movements. 



PAUT 1.] Ball: Gold in Singhhim, ifc. 11 

Aa oocorranoe of a shuply defined terrace of older aUaviiim round the west base of 
tte Garo hills, md oorreaponding with the well known Madhoopoor jnngle deposite in the 
phins to the south, is noticed with reference to the changes wat have aSectecf the delta of 
the gnit lirers. 

October 1868. 



Os TBS OCCiniBBirGl OV QoLI> IK TKl pUTBICT OV SlKOBHl&M, Ac, BT YaI.. BaLL, EsQ., 

Geological Surrey of India. 

The emtenoe of gold in the distriots of the 8ontii*west frontier of Bengal and in the 
ne^hbouing tribntaiy states has long been known. It is found not only in the sands of 
Basy riTers and streams, but in some instances it has been mined for in the alluvial and 
oiher fopeifieial deposits. 

Colonel Hanghton in his interesting memorandmn 'On the geological stmotore and 
mmenl resources of the Singhbhdm DiTision,* has given an account of ti^e gold washine, 
and enmnerated several localities where gold mining had been, or was, at tiie time of his 
visiti, esnried on. He also quotes from a letter from Mr. Robinson in which that gentleman 
ita(ei the xesolts of his attempts to establish gold-mining under Buropean superintoidenoe. 

At Robobe in Oodipur where operations were commenced and shewed some prospect 
of being fiuriy remunerative, the climate proved so ''hot and unhealthy" that it was found 
tibat no Kuiopean could live tiiere, and the works were given up. 

Colonel Hauffhton says that "the metal was found some vears ago in considerable lumps 
''in the Bona Nuddee of Sonapet in Tamar on the northern estiomity of Singhbhiim* 
" and much is still found there." 

I have invariably found that the washers have traditions of nuggets having been found 
at intervals. 

The eases of the gold having been found tfi eUu are undoubtedly rare. Colonel Hanghton 
speaks of it occurring in (in ntufj "a little north of Assuntitlea in Ehursowa," 
but further on he states " I have not heard of any instance in which the metal has been 
found attached to a stone, so that the former statement must only mean to imply that it is 
inined for in superficial deposits." Jh. Bmil Stcshr statesf that traces of gold were found 
in the copper ores of Singbhdm. 

A Mr. Emerson was specially employed by the Singbbdm Copper Company to investi- 
gate the gold resources of the country. He is said to have crushed a quantity of quarts 
nd to have found traces of gold in it ; but his operations do not appear to have been anfB* 
ciently successful to encourage him to continue. 

When in Chaibassa last April, I was shewn a small nugget of gold in a quarti 
matrix. It was ssid to have been obtained in the Kappergudee Ghat near Kalkapur 
in Dholbhim. 

It is not within the scope of the present paper to give a completo resum^ of all that is 
noorded on the subject^ but rather to give an account of what has actually come under my 
own observation in those portions of the oistricts which have been examined geologically. 

During the season of 1866-67, Mr. Ormsby and myself fancied we were able to connect 
the oocoirenoe of gold in the streams with the eziBtenoe of certain submetamorphio rocks 
(inagnesium and mica schists, slates and quartzites) which were then for the first time met 
vith in M&nbhdm. 

Being anxious to put this connection to as rigid a test as circumstances would admit of, 
and wiahing to define, if possible, the exact bounaaries within which gold certainly exiats 
aad may be reaso n a b ly looked for, I with some difSculty persuaded two gold washers (man 

* J. A. 8. B. XXIII, p. 108, 186A. 

tBnteeBnMrfcu&raiabtr den. Diitriot SfBffbblmin la Bengaten. Vi«M Jahnfnbrift dar NataiAwMiMndaa 
SBnkh. ttb j«M>, Part 4k iSSOi 
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and iHffl) to accomnuiy me daring mv euuninatioii of the lemaimng portion of the dbtiid 
of Mftnoh^m. They remained wiu me for upwards «f three months, washing daily at 
such plaoes as pointed out. 

One of the moat intanating rasnlta is, that the esdstence of gold in the metamorplue 
aa well as the sub-metamoxphio roeka has been satiafiietorily proyed. This, fiiom Tanons 
reaaons, I was not preparea to ezpeot. Cobnel Hanghton, wno speaks of the granitic 
gneissose rocks as igneoui, states tnat gold is never f oond in the streams traTersisg them. 
Again, the Natives, so far as my experience goes, do not wash in the sands, &e^ lying on 
the metamorphic rodn, althongh they do not coimeot fhe ezistenoe of gold in the sands wi& 
the vicinity of any particular rook. 

In M&nbhdm, the experience Of generations of washers has enabled them to define 
the boundaries within which washing is remunerative ; and this boandarv» it is intemtmg 
to observe, corresponds on the north ezaotiy with that of the aub-metamorpnic rocks.* This 
coincidence I ascertained in the following manner. On my arrival at Dulmi (which is 
situated on the &ulted boundary of these two groups of rooks) when marching northwards 
from the lower part of Pattrum, the gold-washer asked to be allowed to return to his own 
country (Dhalbhdm), stating that none of his race ever went north of Bulmi. I indooed 
him however to stop, and whik we remained nortii of the fault the washings were carried on in 
the granitic gneias area with oomparatively poor, but not (^xaotiy barren, reaults. On Uie dsy 
I crossed the &ult south of Sindaree, when returning southwards, the g^ld-washer said tbt 
we should after that find gold more regularly and in greater quantities than we had done 
aince we came north at Dulmi. 

During the whole time, a record waa kept of the daily reaulta and of the natore of ihe 
rocka in wuch the waahinffs were made. The fdUowing abatract will 8u£Sce for cemparison 
of the productiveness of tne two formations : — 
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• AU&e dnim aoNsa the ■ontheni part of Xaid>hflm fttm Slmlanal on the east thiongh Banabasir to a » 
north o( Ecfaagnrh on the west, roughly indlcatea the positloB of the line of boqnduy between the two fons(»^ 



PART 1.] Ball: Gold in Siugbk4m, 8fc. IS 

€boipttiiiff theie moUs by the number of saooeafifbl days first, we lUft^ saj, 
ibat &r gold produciiig, tbe BabmeUmorphic rocks are to the metamorpbics as 
(100— 13*«=)86'4 to (100— 66=)d4=;2'5 : 1 ; oompariiig bj daily average^ the proportions 
beoome *46 : '16=q. p. 3 : 1. 

We may therefore eondnde that the snbmetamorphics are between two and half and 
three timea aa prodnctiTe of gold as the metamorpbics, so that as the sold washers only find 
a sabostenoe from washing in the snbmetamorphio area, it is obyions wat it would not pay 
them to work in the metamorpbics. 

fbe greatest amount found on one day was 2*2 grains, but the daily ayerages giyen 
abore should not be taken as indkatire of tbe amount of gold to be found by a regular 
syitem of working where the washers would of ooorae be set ^ fisvonble spots, and would 
Dot haTe to spend a considerable portion of their time daily, as was the ease of the men I 
employed, in making marches before they reached the scene of tJieir labours.* 



napera in the Asiatic Sodeh^'s Journal describe the methods of gold-washing 
in oinerent parts of India, fjie instruments used, though essentially the same 
m priadjple throughout have local peculiarities of shape, &o., and the manner of manipulation 
alio 



At He era Khundfthe same instrument and manipulation serre for the separation 
of botii diamonds and gold. In fact the diamonds are found in the middle of the prooeeSy 
the iron sand with specks of gold being the final residue. 

In Hinbbiim and Singbhiim the insfaruments need are neihape more simple than 
those nsed in any other place. The dish measures 28" by 18^ , it is hollowed somewhat 
eeeentiicaUy to a maximum depth of about 2^ inohes. A scraner fiMrmed of a flattened iron- 
book set in a handle, serves to collect the auriferious sand and gravel which aoeomidates in 
the singles of the rocks in the beds of streams. The dish when filled is placed in shdlow 
water, and the operator working with his hands soon separates and throws aside all the 
oosner gi&Tel ana stones, while the agitation of the water serves to cany away ^ the mud 
and lighter portions. 

Hie dish is then balanced on the jrafan of the left hand and oscillated to and fto 
with the right; this serves to throw off the ^r^ter noition of the remaining gravel, 
and the process is completed by a eircnlar motion, whicn is communicated to ute water 
in the bollow of the dish, by which even the smallest jMrticles of foreign matter are 
■epsraled, and the final result is a residue of black iron-sand in which the specks of gold axe 
nadily apparent. 

The gold-washers belong to the lowest and poorest races in the countiy, Chssees 
aoeording to Colonel Haughton, but some of those wnioh I met with were a race of kumars, 
called Dokr as. Their numben have been jKreaily reduced by tiie famine ; without exception 
tbey are all in the power of the Mahi^uns, for whom they work at a low rate, and are never 
able to firee tiiemse^es (tf the claims which the Mahiguns make on account of advances. 

The daily earnings of the gdd-waaben are small, bnt might no doubt be increased, 
if it were not that they are always satisfied when enough gold has been found for procuring 
fte day's subsistence. 

* It if eoMtlnktofhst the Iket of the mater quantity of gold being ftmnd in the laperflcvel depoalta within 
t^ abmetamorphie area might be atttribotable to lomathiiMr in the oonfignntfon or elevation of the gsonnd oondo- 
eivi to the gieat«r aocnmnlaoon of gold within that area. I oould not howeTer ditoorer anjtiiing of thia kind; the 
hA to loalh ia gmdnal thronghoQ* both fonnaOona. 

Thaoifgfai of the gold whieh ie annaallj fimnd in the rlTora at preeent ia, I beBere, twofold. A portion beinc 
directly dcnrod ftom the roeka and the remainder reaulting from the re aaeortment of detiitne which ie the remand 
of iQb««telMtion. 

In both fofmatkmt, the erldeiieee of extenaiTe enb-aerial action are nvnerona and prominent, and it !■ obvioos 
wal Bttoie haa been canying on gold waahing operatione in the valleya. since denudation ftrat commenced to leuop 
uoB oQt| leaving barriera of intervening vangea of hUla formed of the hardeat rocka betweea them. 

t J. A. & B. TUI. 1067, 1839. 
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Cdonel Hangfaton says—'' The GaBsees oan always reckon on earning ftom three to four 
pkse per day, and I am aesnred that a vigoroiu man often gete aa mnoh aa twelve amuu, 
which, aa the ordinary rate of field Uhonr ia abont one pioe, mnat be oonsidered a very laijge 
Bum."* 

Mr. Bobinaon foond in a trial whidi he made at Bohobe in Oodipnr, that men \d 
whom he paid one anna oonld produce for him from three to four annaa worth of gold. 

Colonel Dalton states that the waahers themselvea regaid it aa a Terf poor trade, simplj 
yielding they say p4t hur (bellyful). 

Dr. Stcehr in his paper on Singh bh 6 m states that he foond the average daily earning 
to be about 25 centimes (rather more than an anna and a half). 

The men I met with stated that they could earn abont an anna a daj and ooosaiooallj 
three or fonr annas. 

Taking into consideration the manner in which the gold is distributed throng tiie 
superficial deposits of Uiese districts, it would seem that vie svstem of bydraulio miiung, 
at present practised in California, is the one which would be most ukely to be snoeessfiiL 

In a recently pubHshed acoountf of that system we learn that there is a company in 
California which supplies water to the miners at such a moderate rate that " 850 mmer's 
inches of water, witn a head of 160 feet, will remove and wash 4,000 tons of gravel per 
diem, leaving a small profit on the working of stuff affording gold to the value of only thiee 
half pence per ton." 

In parts of the districts under consideration it would be hopeless to expect to obtain 
a constant and sufficient supply of water with the neoessaiy beact-way : but there moBt be 
many places at the bases of the plateaux which rise towards the west, where the conditions 
would be peooliariy fiivonxable. During the rains the number of such places would of coone 
be vastly increased. 

^ The simplest idea of this process, which seems so nearl}r to approach to perfection in 
Califomia, is not, however, altogether unknown to the natives. Mr. Bobinson saysl— 
** Another pUn and a very remarkable one in which the people collect the gold is by drawing np 
small watercourses before the ndns, so as to make places for a deposit of soil carried down 
by the water ; this soil is cleared out several times and in it is found a large deposit of gfdd.' 

In the shallow diggings the hydraulic system would not of eouxae be appUeable, bnt em 
in them an increased field would undoubtedly result from supj^anting the natiye's dish by 
the Califomian pan, rocker, long-torn and sluioe. 

September, 1868. 



MXMOBAHDUIC ON THE WBLL8 HOW BXIN& flmTK AT TRX EuBOFBAH PkITITIVTUBT, 
AND AT THB 8ITB FOB THB CXVTBAL JaIL, HaCABBBBAOH, h^ R, B. MbDLICOTT, 

F. G. S., Gbolooigai. Svbvbt of Ibdia. 

L All the rocks of Hazaieebagh are of the most extreme metamorphic iype, ^'^^ 
besides very irre^^ularl^ arranged, ft will, therefore, be at once understood that a question 
of water-supply, m which these rocks are concerned, is altogether beyond those simpler cw» 
where a study' of the sections might enable a Geologist to give an approximate P^^]'! 
iudgment upon the source of water in any given position. The independent memoa 
being thus not applicable, I had to trust to the diseussion of existing local experience, ana 
the comparison of this with the special cases proposed, with the following results. 

2. Hazareebagh is on an undulating upland. There is nowhere any strietly w^ 
ground ; but the tops of the ridges are generally yeiy flat» and the slopea vei^ g«tie. ^^ 



• J.A.&B^18Hp. ido. 

t Qnar. Joarnal of Sdeiicc, XIX, Jnly 1888. 
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is only in the immediate neighbcrarhood of the mfun strefan-channele that rougher and 
rteeper gioimd oocors, and also where rocks oome to, or near to^ the surface, whether on the 
dopes, or on the ridgee. But even in this latter case, the sommits of such ridges are very 
apnrozimatelT on the same level as those where no rock is to he seen ; I resret that ayailable 
intonnation noes not enable me to give figures. Over large areas, as in ana about ^e Station 
and CSantonments, no zock whatever is en)osed. From the few glimpses I was able to get 
in the npper part of nnlined wells or in ditches, it would appear ttuit such areas are formed 
of a danc stm sandy day, tinted with iron, and mottled with concentrated granules of the 
same in varying proportions. The greatest thickness I was able to observe of this stratum 
was 14 feet in a partially dug well, where the water level had not yet been reached ; but, 
no doubt, it locally attains greater dimensions. I could not Mly satia^ myself, from an 
iiupeetion of this clay, whether it is purely derived from the decomposition m place of the 
iuljaoent rock, or whether it be in some manner alluvial, a point that would bear miportantly 
upon the under-ground distribution of the water. I incline to the former view; but, if 
QQRBct^ tiie rooks must be there unusually free from the quartz-veins which occur so abun« , 
daotly in the ezpoeed rock sections, and which vdns would remain in position and unaffected 
in the day. This stratum forms a cold and retentive under-clay : the upper two feet or so of 
a nakr colour, where de- and re-composition has further advanced, forms a slightly improved 
suD-soil, yielding at the surfiace a very poor soil. Where the iron and the sand are not in 
excess, the un<Mr-clay forms an excellent brick-clay; the upper layer being fit for tiles. 
Below this day, I am told, there comes suddenly an unknown thickness of incoherent sandy 
or gravelly material, in which the water runs fredy ; but from the very apocryphal descrip- 
tions I have received, I am quite unable to say whether this be a diluvial deposit, or merely 
disintegrated rock in place ; what has been coi^jectured regarding the clay may show that 
I incline to the latter view : the evidence of anj old heaps or of well-dearings is in &vor 
of it. The greatly preponderating rock of the re^on is a finely granular homblendic gneiss. 
From a list of measurements taken in 42 wells within Cantonments, and a partially contoured 
plan, both furnished to me by the Executive Engineer, I have made the annexed tabular 
statement, from which a few inferences mav be gleaned. In none of these wells, that I 
eould hear of, was anything like rock met with. 

3.. It is remarked on the list that "those measured in the erening have often been 
brgdy drawn upon, a^ Ko. 14 on the south side of the Plunge-bath. Early measurementi 
for adf would have been better, even if it had to be done on consecutive days ; it would seem» 
bowevff, that the discrepandes thua introduced may balance each other in the averages of 
the several groups ; but the data bemg thus not comparable, and there being no collateral 
infinmation, one is left without a clue to an explanation of what may be only apparent 
anomalies ; such as Kos. 26 and 27, deep wells, exhausted, while much shallower wells in 
the same neighbourhood hold sevenl feet of water. In all such statistics, the oriffinal 
depths to which the wells were sunk should be the measure given ; this ought to be m a 
permanent record and with it some attempt, however rough, to describe the materials out 
through. All should, moreover, be easily lererrible to the levd of the lowest drainage point 
of the region as a datum line. 

4 The table, contrary to what might have been expected, shows no dedded advantage 
in the supply to wells at a lower level. 

5. There is a very marked advantage shown, as was of course to be expected, in an 
increase to the depth of the wells ; there is at least 6 inches gained in the dailv supply for 
every foot in depth below a certain point. I say daily supply, for I do not think tnat the 
depth of a well would affect its permanent level : tnus llos. 2 and 3 are within 70 yards of 
each other, neither was much in use ; and although No. 3 is deeper by 8 feet 6 inches, there 
is only 1 foot 3 inches difference in the water level, and even this is in favor of the shallower 
well. From every consideration it is manifest to me that to have an unfailing supply of the 
best water in Cantonments, it is only necessary to sink a few feet lower than has been the 
practice, and, I might add, to adopt some less primitive mode of drawing water than that 
of hauling in buckets. Where there are only a few feet of water, this mode of raising 
makes it turUd and unfit for immediate use. Serious difficulty seems to have been felt in 
attempting to carry the wells even to theirpresent depth ; but I cannot find that any proper 
means have been tried to overcome this dimcultv, sucn as the use of some method of snoring 
op the sides while the work is being carried on in friable, watery ^pxmnd, and at the same 
time some means of unwatering more effectual than the obstructive one of baling and 
hauHng. 
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6. Sevenl figoiM in the lift show how Hafely the water is stored below ; how slowly, 
hnt surely, the supply recovers when drawn upon. These measni^Bmonts were taken on the 
6th of June, after a long season of drought. Dr. J. M. Coates, Superintendent of Jails, 
has kindly given me a statement of the rain-fiills for the preceding months : — January, 0*26; 
February, 0*97; March, 0*64; April, 0*0; May, 1*54; up to 6th Jane, 0*69. The scarcity 
was much felt, but it was not an extrome case. I am told that worse seasons have been 
experienced, still there were 18 and 20 feet of water in wells Nos. 2 and 3 at a depth from 
the 8ur&ce of 26 and 27 feet. In other caees, as Kos. 6 and 14, a £ur daily supply wu 
renewed nightly. The stratum of clay can be but very slightly permeable to wat^, and 
can contribute little ; all the evidence goes to show that the water is lodged in the disinte- 
grated upper portions of the under-lying gneiss. The depth to which this decompositioa 
takes place is variable according to the variety of the rock in different spots ; but it is 
generally very considerable, and m every case I would take that as the depth to which a well 
may be sunk with advantage. The moderate permeability of this rotten rock, as shown by 
the facts just quoted, suggests an alternative to tlxe deep sinking which has been reoom- 
mended as the best safepuud against scarcity : it would seem that wells may be sunk within 
80 to 100 yards of each other without seriously affecting the daily aapply in each within 
the limits of ordinaiy demand. 

7. In connection with the question here discussed, I would bring to notice an allied 
one of equal importance. In the 13 days following the 6th June there fell 14*43' of rain, 
and all the wells were filled to within a foot of, or were quite up to, the surface. This is 
their condition for months throughout the rainy season, afler which they slowly subside to 
their minimum at the end of the ensuing hot season. Such a state of things will seem 
strange after what has been said of the configuration of the ground, tliat the sur&oe drainage 
is ample in every direction *, and that at no great distance the rocks outcrop in valleys much 
below the general level of the country, unless from artificial causes there is no surface 
lodgement of water. It may seem stranger that it should be allowed to remain so. I have 
lately beard doubts expressed as to the reputed healthiness of Hazareebaugh. Without in 
the least wishing to endorse such an opmion, against which there is mucb presumptive 
evidence, I may remark that, according to received notions, it seems like neglecting a means 
of improved healthiness to allow the water to be so near the surface. It may be said, and 
I am not prepared to deny the assertion, that so long as the water is even a few inches mider 
ground, it is innocuous ; that it is only when allowed to stagnate on the surface that it 
becomes injurious ; if it be so, most of the ground would require no treatment, but there 
would remain much to be done. When I passed through Hazareebaugh in the middle of 
November 1866, after we had many days of hot sunny weather, I noticed soft sludgy ground 
in many places, even within a short stoneVthrow of the barracks. At half-way down the 
slopes of tbe shallow hollows the water does ooze out, creating this boggy groaira, so long 
as the general water level remains above the level of the channel. Surely this would come 
within &e limits of the conditions to which the autunmal unhealthineas is attributed all 
over India. But here, not as in the cities of the plains, the remedy is easy ; the most 
complete fiMsilities exist for drainage of any required degree. Of drainage, each as is usoallT 
understood in India, Hazareebi^h has had its fair diare : the natural water channels 
and the cuts alone the roadside, or elsewhere, are kept clear, but in such a sub-soil as th^ 
here the effect of this is imperceptible. Drainage to be effectual ^ould be such " thorongh 
drainage" as a &rmer would apply to similar land in Scotland, if he wanted to bring it 
under tillage. 

8. The Civil Station a^oins Cantonments immediately on the north-west, the ground 
being apparently slightly higher. Here, about the Zillan Jail, and in the grounds o£ the 
house occupied by the Sunerintendent of Jails, I saw some sections in unlined wells somewhat 
different firam wnat would seem to be the rule in Cantonments, in so far as that the clay, 
which is of precisely the same character as elsewhere, is much less thick, not more than 6 to 
10 feet. The rock does not m>ear at the surface. Even here I couid not satisfy mysell 
upon the mode of origin of the clay ; there seems to be generaUy at the base a foot or so, 
in which coarse quartz debris is abundant and irregularly scattered. Here, however, it ^ 
certain that the water-yielding rock is the porous rotten gneiss, in whidi ^e wells are dog 
without any difficulty. It is often so loose as to crumble away and fall in. 

9. We may now come to the main object of our investigation. The European Peni- 
tentiary stands about three-fourths of a mile to north-nortii-east of Cantonments. »»J 
separated from them by a broad valley, some 40 feet deep, passing up to westwards, in ^hico 
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dinetion tbe lidges are- eonfliieiDt. Tlia fite for the Central Jail is some few More yardit be* 
voad tlie Penitentiiuy, on another minor branch of the same system of ridges. In both 
localities lock crops ont fireely in many places, and it might haye been anticipated from the 
beginning that the weU question would assnme a yery different aspect from that of any case 
w£hin loeal experience. It were useless to moralise upon so common an occurrence as want 
of foresight, or to indicate its source in this particular instance. 

10. In the Penitentiaiy well there is no day at top. After about 3 feet of coarse 
qutttx graTel, mixed with red sandy earth, they come upon a run of largely crystallized 
gnnite (pegmatite) yery irregularly associated wiui homblendio gneiss. At first uiis maas 
wttnoftdiflSflult tobe cu^ although not nearly so soft as the rotten rock already spoken of, but it 
rajndly became harder, and at about 20 feet blasting had to be resorted to. All effects of 
deeompoaition from surface atmospheric influence haying ceased, the stone showed its true 
duractera of intense hardness and complete imnermeability. The arrangement of the 
bedding, if, indeed, it be true bedding, m this short shaft is exceedingly irregular, at one 
mt iqiparently dipping to the north, and at another to the west. In the hard rock at base 
there are some weU marked joint planes showing large flat surfaces nearly yertical, but these 
joints do not seem to be ayaiiable for the percolation of water ; the few leakages that occur 
are from points in the indefinite cracks that traverse the stone discontinuous^ without any 

rtm, and generally where there is a film or layer of partially disinte^ratea rock. Near 
base of the shut another yein of granite like that at top, but thmner, trayerses the 
gneiss irregulaily at a low ayeraan angle, but here it is firmly united with the containing 
rock, the same eyen surface of nracture passing indiscriminately through both. I waited fi>r 
seyersl days to haye this well emptied, but the water was still knee-deep at my last examina- 
tion. I db not consider that I haye lost any eyidence of importance. 

11. From the acoounts I haye reoeiyed, there would seem to be some prospect of 
immediate success. I am informed by Dr. Coates that a few days before the work closed at 
the end of the hot seaaourhe made a rough measurement of the leakage water, and found 
it to be about 40 gallons per hour, nearly 1,000 per day. I confess &at this surprises me 
mudi : the excavation then was at about the level the water stood at when I saw it last, and 
the leakage ^d not seem to me any thing like so niuch, although the time of year was so 
mudi more favorable, and the wdl had just been emptied by double gangs of men working 
day and night. Subsequent to that measurement, the last few bksts put into the rock 
disdoeed one or more layers much softer than any met with for some yards above, and from 
which water flowed in much greater abundance than firom any of the hi«^her points. Unfor- 
tunaidy the rains put a stop to the work before this ground could be fulfy proved. The only 
mnptoma I could detect of these sources was thiS^ in walking about through the water, 
1 fett at two or tiiree qwts a vexy appreciable warmth under my feet. The first thing to be 
done now is fully to test this ground. Five or 6 feet mere of cutting ought to prove what 
it ia wmth. But a large margin ought to be left above any measurement made now for the 
dinunutioii that may be expected in the diy season. 

12l There can, of course, be no doubt of ultimate success : accumulated drippings will 
at last yidd the required supply. But this must remain matter of experiment. No one 
but a diviner would venture to piedict at what point success would be attamed in rocks like 
thaw. There is, however, an evident choice as to the direction in which these contributions are 
to be eooght. That word " spring" has a great deal to answer for : most men seem to think 
that water eomes from the Dowels of the earth, whereas in 99 out of 100 apparent cases 
the soforee is from above. The only available, and the only known, sooroe of water here b 
the one afaready pointed out, the porous mass of disintegrated rock at the out-crop under 
the day. This bemg the case, I would deddedly recommend, in the event of the next few 
feet in depth not giving the required supply, tiaat the vertical shaft be chanced for a nearly 
horixontal drift. The chances are almost lul in favor of this plan, and there is here the 
altimate certainty of tap]nng the source itsdf in the most effectual manner from below. 
In the vertical shaft there is no doubt the chance of contributions firom every side, while in 
the drift we must sdect the most likely direction, but I am in favor of this attempt. There 
are two ekmento for consideration, the structure of the rocks, and the lie of the sur&oe. 
Fram what has been seen of the rocks in the Penitontiaiy well, there is little or no room 
fior diosDe; they have no definito arrangement. The most frequent run of the rocks in this 
neighheniliood ia about north-north-west, and so the most nkdy line to cut them would be 
at ri^cht angles to that direction. Tike primd Jkcie view of the second condition , would 
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sagmt to make straight for thd nearest point of the dope of th^ ridge, but it most be 
mocufied in this ease. 1 have oarefolly examined the line of the suifftoe, and should con- 
sider that ooorse to he unsafe ; the slope to the sonth is too near and too rapid. Hie gromid 
from which a supply is to he expected lies to the west and west-south-west. I would reoom- 
mend that the drift be out to west-30^ -south, with a rise of 1 in 90. This direction, too, 
would approximately suit the probable run of the strata. 

13. There is at least one advantage in having the well in solid rock ; it may be left 
with its present full width, and only cased for 20 feet or so from the surface. I would 
recommend that this be done at once ; and that the pump, by which it ia to be hoped the 
future water-supply is to be raised, be put in position now. In such a well, too, the woik 
can be continuea at any time as weU as at first, should a season's trial provo tihe supply to be 
insufficient. I would not, however, let tlus be an excuse for an incomplete job at nnt; the 
failure would, of course, occur in a season of extreme drought, and might be seriously ^i 
But, indeed, tiie energy o£ Dr. Coatee has provided an excellent resource for a time of endi 
need, by ccmverting the unsightly and doubtfully salubrious ravine in front of the Peni- 
tentiarf into a most picturesque lake of deep water. A very little care on the part of the 
authorities can prevent any possibility of its becoming unwholesome. 

14. The case of the Central Jail well is quite analogous to that of the Penitentiaiyf 
but a little more puzzling. Here too, however, I would recommend the prosecution of the 
work. I believe that success can be secured at a much less cost than would be entailed bv 
abandoning the site upon which preparation and work has been already so far expended. 
At top there were 6 to 8 feet of red gravelly earth, resting on the edges of the strata, 
which are thoroughly disintegrated for 3 to 4 feet passing down into much firmer rock. 
Unlike in other wells the becus here have a steady dip of 40^ to north-SS^-weat. At a depth 
of 90 feet on the rise, and 38 on the fall, an intensely hard rock was encountered, in which 
the work now stands at 40 feet. This well also had just been unwatered ; and oonmdering 
this, and the time of year, the leakage ap^ared to me to be very trifling. The last rock 
cut in this well is exceedingly unpromisinp^ ; the large surfiice of it now exposed does not 
show a single crack or crevice. It breaks with sharp edges and large conchoidal trac^re: 
it is a fine grained mixture of hornblende c^uartz ana felspar thoroughly crystallized ; super- 
ficially it might be described as a granitic diorite ; but geologically it must oome under the 
genus gneiss, as it seems to be strictly in the bedding, and to be simply an exaggerated form 
of the fine foliated homblendic gneiss of the district. A correct knowledge of this roek 
would greatly help a decision regarding the weU; but very little can be discovered ; there 
is no out crop of it to be found. On &e other side of the renitentiary, at the edge of the 
upper lake, an exactly similar rock is exposed for fully 10 yards acroas its strike. Thns in 
the well shaft there is a prospect of havmg to cut through an indefinite thickness of peifectly 
barren rock, and of the most difficult nature. The same obstacle afTeets the consideration of 
a drift. In this position, also, the condition of the sur&ce is of dominant importance on 
account of the rapid fall in certain directions. The most likely direction for a drift to inter- 
cept an abundant supply of water would be about due south, but this woiUd take it into 
the same rock, and even for a greater thickness than in the shaft, the out being oblique both 
to the strike and the dip ; here, however, there would be the prospect of its bMominff eofter 
at every step. I have no doubt of this being the safest course. The lower the inclination 
of the drift, the better the chance. I woula not advise a greater slope than wo^ld enexue 
the flow of water to the shaft. By cutting the drift to northward, it would run towards a 
convex bend of the ridge, and success would not be so secure ; but the obnoxious rock (at 
least this bed of it) would be avoided. 

16. There is one well in a position to be compared with these. The well for the 
PoKoe Barrack standa nearly centrally on the ridge of which the new buildings occupy pro- 
longations : it is 470 yards to west-18r-north from the Penitentianr well (the distanoee aw 
taken from a plan lent to me by Colonel Dawson) and 1 foot 9 incnes higher ; the same w^ 
is 700 yards to south -^^^-west from the Central Jail well, and 4 feet 6 inches ahove it 

' It is 30 feet deep. I have had very different accounts of this well : like all the others, it 
fills to the brim in the rains, and some say that it has a constant supplv, the demand upon 
it not being veij great ; while others declare that it fails ; that in the hot weather people 
living alone side it fetdi water from a considerable distance in the hollow. Some meaBore- 

.ments of mese three wells are given in Table II. The water in the two new wdls on tw 
lOthOctober was probably below what they had contained at their fullest; but even wa€ 
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Medlicoit: Wells at Hazareeb€tgi. 
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mttatil7 shows that on the 19th June, whea cryery other well in the- place was at its fhll^ 
taeae were still at least 10 and 6 feet below their minimnm heigbfc, an inmcation of the slow 
sad circuitoos percolation by which they are fed. 

I have made this report ra<her long, but I thought it best t« omit nothing that might 
gire information. 

23nl Navmkber 1868. 



Tablb I. 

Tahk ff depths of Water and tf Wells in Canionmenis as measwnd en the 5M June 
186H^ jtut before commencement of the rains, grouped aoeordipg to levels of sUes^ 





Ons 


BvnfBBV 


Bnwnir 


UVSBB SO' 


■^^~^*^^~^~— "-*^^— ^-^-^— -^ ^— 




aS'GOVfOUB. 


88' AVD 84' 


%4l UKit 9ff 




WdL 


Depth 


Depth 


Depth 


Depth 


BsxiBn. 
















- 






Of 


Of 


Of 


Of 


Of 


Of 


Of 


Of 






Water. 


WelL 


Water. 


Well. 


Water. 


Well. 


Water. 


Wen. 




1 


7-e 


87-0 


• •• 


• •t 


• ■• 


*■• 


9— 


• w 




t 


1»0 


88-0 


»•• 


• • • 


• •• 


.•■ 


• aa 


• •• 


Within 210 feet of N9. 8. 


8 


vri 


47*3 


• •• 


• • • 


• •• 


•». 


■ •• 


• •• 


Theee twa wells wen Utile nsed. 


4 


• •• 


• • • 


7-5 


82-6 


■•• 


... 


• aa 


aaa 




S 


••• 


»•■ 


6-1 


36-3 


• •• 


• •a 


• aa 


• aa 




6 


• •■ 


• •• 


... 


• •• 


1-3 


32*6 


• •• 


»m» 


Much need. 


7 


■ •• 


• * • 


••. 


• •• 


1-4 


19*8 


• •• 


• e* 




a 


■ a* 


• •• 


... 


••• 


8-0 


17*76 


• «• 


*•• 




•9 


7-0 


87-3 


••• 


•»• 


• •■ 


• •m 


aa* 


• • • 




10 


0-1 


40-3 


••• 


• • • 


• •■ 


••e 


••• 


• •• 




11 


«« • 


■ ■• 


2-9 


39-6 


* •• 


• as 


• •• 


• a* 




12 


• •• 


••• 


«•• 


• •• 


6-0 


84-6 


aea 


• •e 




13 


• •• 


«•• 


8^ 


32-5 


• •• 


•«• 


••• 


• •• 




14 


• •• 


• •• 


8<0 


880 




• •• 


• aa 


••• 


Mschwed. 


1« 


• •• 


••• 


• •• 


• aa 


* ■ " 


••• 


6*9 


30*26 




IS 


• •• 


• • • 


7-0 


36-6 


• •• 


••• 


• •a 


••• 




17 


• a* 


• •• 


77 


311 


•me 


■ •« 


• • ■ 


• m^ 




IS 


• • ■ 


••• 


••• 


• •• 


• • • 


• «• 


1-8 


20*6 




Ife 


• • • 


■#• 


8-0 


30-0 


.••• 


a«« 


• a* 


••• 




20 


• ■ • 


• •• 


1-5 


39-6 


• • • 


• m* 


• aa 


• •• 




21 


« •• 


••• 


#•« 


••fl 


• • • 


■ a • 


7-6 


86-6 




22 


• ■• 


• •• 


• •• 


• »• 


• • • 


■ •• 


6*2 


81-8 


r 


23 


• •• 


• • • 


••• 


• •• 


• * • 


• ■■ 


6-6 


82*6 




24 


• •• 


• • • 




••• 


• •• 


••• 


2-0 


26-0 




u 


•«• 


••• 


■ • • 


• *» 


* • • 


• •• 


8*26 


27*26 




2S 


• • • 




• •• 


■ •■ 


a»a 


• •a 


0-3 


34*26 




27 


• • • 


aaa 


• ■# 


«■• 


• •• 


a*a 


0*3 


31*26 




2B 




•%% 


f«« 


••• 


• • • 


•«• 


2*6 


33*6 




2» 


• •• 


• •• 


#•• 


• • • 


• a« 


aaa 


46 


33-6 




30 


• •« 


• •■ 


8D 


2610 


• •• 


• •• 


• •a 


*•• 




31 


• •• 


... 


•«• 


••» 


• •• 


••• 


1-4 


18-0 
24-3 




32 


••• 


• •• 


••e 


• •V 


"t» 


■ •• 


4*3 




33 


10 


20^ 


••• 


• •• 


« • « 


••• 


• ■• 


■ •• 




34 


er% 


88*2 


■ aa 


• «• 


• ■• 


• •» 


• •• 


• ■• 


• 


36 


m 


24*2 


• a* 


«»• 


• •• 


aaa 


■ •a 


• »• 




36 
37 


8*4 
9*2 


32-4 
40*2 


• •• 


• •• 

••• 


■ aa 


• •a 


• •a 

• •• 


*■■ 


The fonrlast are within a rading 


88 


4-6 


35-6 


•— 


• •• 


%•• 


aa* 


aa* 


• •• 


ofiaofiMt. 


8S 
40 


at) 

OO 


8B-8 
21 1> 


••* 




• •• 


• •• 

a»* 


• •• 

aaa 


«•• 

9mm 


within 80 feet of No. 89. 


41 

48 


7^2 
OD 


82t 

28-0 




• •• 

• • ■ 


• • 
• •• 


aa« 

aee 


aaa 
a« a 


aaa 
• •• 


The Are last are within a radioi 
Of 266 feet. 




99-5 


44a« 


«Bt) 


80«O 


10-7 


104*66 


46*46 


87070 




XmboT is 


8*1 


9*0 


■ •• 


a«» 


• •• 


aa« 


• •• 


aaa 


Hos. 8 and 40 an emitted as 


» «f 10 


•«« 


•«• 


4-8 


80-4 


a>a 


... 


• a • 


• at 


exeepUonal. 


» of 4 


• •» 


*•• 


• •• 


• •• 


27 


26-1 


• •■ 


• •• 




1. of IS 


■ •• 


••« 


•«• 


■ •• 


••• 


• ■ • 


3*6 29*2 





20 



Becorfh of the Geological Suirve]/ of India. 



[vol. n. 



y-^" 



Table of metsurcintnU in the new Jail Welts. 



1 



Depth of 
WelL 



A. PoUceWeU 
& Peniteotianr, r 
a CentnlJaU,4' 



below A. 




Depth of Water 
on 19th June. 



feet, iiidiee. 
28 
38 
n 6 



Depth of Wai«r 
on 10th October. 



feet, faicha. 
22 e 

43 6 

31 



Mbtbobitbs. — ^To the collection of Meteorites in the Geological Mneeun, there have 
heen two valuable additions during the past three months. One of these, a speciinsn of 
the very interesting fall which occurred on the 11th July 1868, at Omars (Douhs), in Franoe, 
has been presented by M. Jules Maroou, Paris. It is a remarkable stone of a dark-grqr 
colour, oolitic or sub-oolitic in texture, verv friable, so as even to crumble under the sction of 
the fingers. Iron is present in extremely small particles. It is very slishtly magnetic. 
In fact, the fall represents a state intermediate between the ferruginous and the oon-femi- 

finous falls, sp. gr. 3'699 (in fragments). It yielded to Flsani by analysis no lese thin 
5'lOper cent, of Peridot To the kindness of my good friend M. Marcou I -am indebted 
for this interesting specimen. 

The second fall occurred in India, near Mooltan, on the 17th October. The fall took 
place at a spot about 12 miles east of Lodran. " About 2 p. x. a loud report was heard 
'* in the sky to the westward, and immediately a cloud of dust rose from the ground. On 
*' going to the spot the serolite was found. The sky was quite clear at the time." This u 
the account given by Captain Bond, District Supermtendent of Police. 

A portion only of the mass was obtained and forwarded. It is a very beautiful stone, 
oonsistine of a Urge proportion of bright vellowish green olivine, the crystals of which are 
imbedded in a kind of ciystalline net-worx of brilliant iron. The stone is at present being 
analyzed, and the result will be given hereafter. — T. 0. 
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AsnsvAL Bbfobt of tbis Geological SuBvmr of Ivdh akd of thb Museuk of 

Gbologt, Calcutta, fob thb tbab 1868. 

In Teportiiiff the proeress and doings of the Geological Suryey of India during the year 
186S, I shall take each branch of our labors in the same order as I have for the most part 
obserred on former oocaaions. 

Mr. W. T. Blanford has, during the whole of the year just past, been engaged with the 
Abjisfiinian Field-force, and since its return in arranging and examining the large collections 
he made during the expedition. Mr. Ormsby was compelled to leave for Europe early in 
the year, having suffered from exposure to the tropical sun. And Mr. Charles Oldham left 
OQ furlough in S^ovember. On the other hand, Mr. Tween returned to his duty in charge of 
the Museum here. Mr. Foote resumed his labors in Madras, and Mr. Theobald in Bunuah. 
On the whole our numbers have been, during the past year, less reduced than usual in con- 
sequence of ill-health. 

At the oonmienoement of the year, I proceeded to the Madras Presidency to make 
enquiry on the spot into Uie £uH» regarding uie asserted occurrence of coal dose to the town 
of Juggiapett, or Battavole, near the iListna River. For years it had been persistentiiy 
repeat^ that coal had actually been raised in that neighbourhood, and this statement was 
maintained notwithstanding the fact that very many .persons, deeply interested in the result 
and most anxious to confirm the ^scovery if possible, had visited the localities, but had 
entirely failed to find any trace of evidence that coal existed or was likely to exist. Its 
oocnrrenoe in this place would have been of such high importance, that I was desirous of 
visiting the place as soon as practicable ; I had also received from the Madras Government 
an urgent request to enquire into the facts. This request had reached me at a time when 
field-work was not practicable, but I had promised to go there as soon as possible. I left 
Calcutta, therefore, early in January ; and accompanied b^ the original propounder of the dis- 
covery, I visited carendly every locality which he incucated, and went generally over the 
district. I regret to state that I found no trace of the coal-bearing rocks ; no signs of coal, 
or of any of its usual accompaniments, nor was I able to see a single spot where anything, 
in the sughtest degree leading to the conclusion that coal did exist tnere, could be found. 
On the contrary, all tiiese rocks are an unbroken and uninterrupted continuation of similar 
rocks which cover an enormous area in the districts of Kurnool, Kuddapah, and Guntoor 
to the south, and which, thoroughly exposed as they are in their many folds, contortions, and 
<iistnrbances throughout this area, must have exhibited any beds of coal or coal-shale which 
possibly existed. But, neither in tiie Juggiapett country, nor over the many hundred s(^uare 
miles to the south, over which similar ro<^ extend and which have all been ciaiefuUy exammed, 
W any trace of such deposits been noticed. I was, therefore, compelled to believe that the 
statement of coal having been found at or near Juggiapett was either based upon an inten- 
tional deception practised on the original observer, or was a delusion. 

From the vicinity of Juggiapett, I proceeded southward, devoting some time to care- 
folly testing the accuracy of ue eeological mapping of a considerable area which had been 
Vreviously examined by Mr. C. Oldham and Mr. King, and returned to Calcutta. 
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Towards the close of the year (December), I proceeded to Attok to eziunme the ^Va 
under the Biver Indus, through which a tunnel dbift had been carried, with a view to determine 
the practicability of enlarging this drift into a regular roadway. I had wished to accomplish 
this work earlier in the season, but as the tunnel was full of water, and was not pumped out 
until December, I was obliged to defer it. Having already reported in some detail on this 
question, I need not here enter into the facts, further than to state, there appeared nothing 
either in the structure or in the composition of the rock-masses to prevent the immediate 
enlargement of the drift with perfect si^ety, provided proper precautions were ad<n>ted, and 
the work were done at once. But that these precautions would render the ooet of the tunnel, 
when completed, quite as great as that of a first class bridge, and that even then tlie accom- 
modation to the traffic would certainly not be as great as that afforded by a bridge. 

Subsequently, at the request of the Government of the Punjab, I examined with some 
care the range of hills near Futtyjung, extending southward from Cheerat, and in wbidi 
petroleum had been obtained. I saw everything to lead to the conclusion that petroleum 
would be found over a large area in these orbitoHte limestone rocks, although propably not 
in any very great quantities in one place. The best position for trials seemed &irly indicated, 
and these I noted. The probabUity would seem to be that limited reservoirs of this oil wiU 
be found at no great depth from the surface, although I am not very sanguine that they will 
prove very extensive in any one locality. Similar rocks occur again in a rudely parallel range 
to the east, and here also traces of earth-oil are seen ; and it would appear very probable tlut 
supplies will be found extending over a large area in this part of the Punjab. 

An examination of the Dhurmsala district, and also of the Goorgaon district near 
Delhi, was requested, with a view to determine the extent of deposite of kaolin said to occur in 
each. Looking, however, to the inaccessibility of both and their distance from any markets, 
which must prevent the economizing of this clay to any large extent ; and also to the fact 
that, BO far as any local demand existed, it was of no importance to determine at the 
present the extent of these deposite, their existence being known, I felt compelled to think 
this enquiry was of vastly less importance than others. And that, so far as any question 
of extent or amount of such deposite was concerned, a very much more satisfactory answer 
could be given after the whole districte had been gone over than after a rapid visit te one 
or two isolated localities. No mistake can be greater than to imagine that a geol(^ist can, 
by a sort of intuition, arrive at a knowledge of facts bearing on such questions. This can 
only be acquired by a continuous and detailed investigation necessarily demanding time. 

Bengal and Upper Pbovinces. — During the early part of the vear just closed, 
Mr. Medlicott was engaged in the investigation of the western and southern flanks of the 
Garo Hills. So long since as 1842, Mr. Bedford, who had surveyed parte of this area, 
announced the occurrence of coal in the hills bordering the Bramahpootra River at the 
western extremity of the Garo Hills, near to a village culed Harigaon, and other outcrops 
had been noticed further to the east in the Sumesurri River. The peculiarly favorable 
situation of these places, within easy reach of a ^reat river, and in districte where fuel was 
otherwise not readily procurable, rendered it of high importance that the facte should be 
ascerteined. It was also known that the rocks wMch accompany coal in the Khasia HiU^ 
extended to the west, and there was, therefore, a probability that the coal might also be 
found to extend in the same direction. It had long been hoped that a topographical 
survey of these hills would afford the means of recording carefully the geological obserTa- 
tions, but as there appeared little likelihood of these hopes being realized within any reason- 
able time, and as meanwhile the question of the eastern and northern extension of the 
Eastern Bengal Railway was urgent, it was determined to examine the area, in such a general 
way as might be sufficient, without entering into minute detail, to solve the question satis- 
factorily of the probable amount and character of the coal which occuired there. Mr. Medli- 
cott's report on the resulte of his examination having been published (Records of the Oeolo- 
gical Survey of India, Part 1,1868, p. 11), it is unnecessary to enter into any deteil here. 
It wiU be sufficient to stete that he has shown that the spurious coal of the Garo Hills is 
geologically distinct from most of that known in the Khasia Hills; that, in all cases, this 
coal occurs near to the base of the whole stratified series within a few yards of the underlrmg 
crystalline rocks ; while the coal iteelf is very poor, in one place mainly a resinous shale, in 
another, a thick bed of dark stiff clay with insignificant strings of lignite through »t. 
Where in greatest quantity, it is described as a thick band of srnde in the midst of whica 
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occim the ooAi-seam : h is a good deal erasbed^ altogether about throe ie^t thicks bat very 
oneqnallj carbonaoeoiis, being locally split by strings of clay and sand ; and contains but 
few thin strings of ooaly substance. The mass of what would be extracted as coal is a highly 
resinous batt or shale, full of small nests and strings of a kind of amber ; it gives a woody 
sound when struck, is Teiy tough, and breaks with a large oonchoidal firacture. It was obvi- 
ous that whateTer litde use might be made of such deposits, if required on the spot, they 
were pncticaUy of no value as a source of fuel for general purposes. It is most seriously 
to be regretted that the statements upon which expectations of coal had been founded should 
have proved to be so fidlacious. 

Having completed the cursory examination of these rocks, Mr. Medlicott devoted some 
time to a more careful examination of the Khasia Hills, for which portions of the topogra- 
phial survey i>uu90 yrere ready. These veiy interesting hills had never before been visited 
hj any of the officers of the survey at a time when it was possible to examine the lower 
parts of their steep slopes ; and consequently, as pointed out long since, much remained to 
De done, before we ooiud suppose that we possessed any true knowledge of their structure. 
Further, the full determination of the cretaceous age of the sandstones, &c., under Cherra 
Pooniee, fQuar. Jour. CreoL Soc. London, 1863, p. 524, Oldham, on cretaceous rocks in 
E. Bengal) which, in my own early description, in consequence of their apparent con- 
tinnity amd oonformity, (the fossils collected having been lost at sea) had been grouped 
with the tertiaiy rocks above, rendered it necessary to carry out this separation in detail. 
3ir. Medlioott has been able to do much towards this, and in tracing out these rocks has been 
ted to Eevend very valuable conclusions, a brief summary of which has already appeared in 
the Records of the Survey. As soon as the topographical survey of these hills is completed, 
I hope to he able to have them examined in detail 

Later in the season, Mr. Medlicott having arranged for the several duties assigned to 
the assistants under his charge, was requested to tajse up the very important geological 
question of the extent and relations of the several series of sandstones, &c., associate in 
Bengal with the coal, as compared with those in Central India. With this object, making 
a rapid traverse of the Banigunj field, and passing westwardly by the Hazareebagh fields, 
he has carried out ^e section across to Jubbulpore, and with very valuable results, which will 
tend much to a clearer understanding of the different groups or formations. In a new country, 
where the general relations of the rocks is quite unknown, it becomes necessary for each 
ohserver to form for himself a classification of the rocks he examines, grouping them 
into series or formations, and often giving to these sub-divisions local names, ^nt as the 
examination of the country advances, it not unfrequently happens that such classification is 
proved to be of purely local type, and it is essential either to increase the sub-divisions or 
to bring several t<Nrether into one larger group. Mr. Medlicott s traverse of this wide extent 
of country will go mr, I believe, to remove, in several cases, the limited amount of confusion 
which had unavoidably arisen from the fact that previously the officers of the survey had 
been working at distant and isolated points. 

Mr. Willson has completed the detailed examination of the district of Saugor in the 
Central Provinces, which he has connected with those of Dumoh and Jubbulpur to the east. 
Unfortunately the want of maps of the country lying to the west of Saugor district has 
prevented the extension of our examinations in that direction, as I was very desirous of 
doing, in order to join on the geological lines to those we have been for some time past 
steadily carrying southwards through the Gwaliorand Rajpootana territories. The district 
ofSaugoris mainly composed of trappean rocks, which are, in this parallel, the most northerly 
portion of the Great Deccan area of these ancient volcanic rocks. These rest upon Yindhyan 
rocks for the greater portion of their boundary. 

Mr. Mallet has, during the early part of the year, completed the examination of the crys- 
talline rocks of Bundlecund — being a continuation of his work of the previous year — so 
far as the area occupied by these rocks is comprised on sheet 70 of the Indian Atlas. The 
further explorations of this year have rather induced Mr. Mallet to abandon the idea of 
separating these rocks into two series as was suggested in 1866-67. The evidence, however, 
is even yet scanty, and not conclusive. And it must remain for more care^ investigation 
when better maps, on a larger scale, of the Bijawur area become available. The maps, at 
present procuraole, are too imperfect to admit of any close or aearching examination and 
record. 
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During the recess, Mr. Mallet completed a ftill report on the Vindhjan rodu, bo &r 
as that widely spread formation is known m northern Inoia up to the present. A general 
map has heen compiled to illustrate this. This report has been sent to press. At the com- 
mencement of the working season in October 1868, Mr. Mallet proceeded to take up tlie 
detailed examination of the eastern nart of the Sone Valley, and is still engaged in that 
area. I have already intimated to Mr. Mallet the necessity for greater activity m the field, 
for looking both to the nature of the work done, and of the country in which he was 
engaged I felt disappointed that a larger area had not been satisfiictorily examined. 

Carrying on the geological examination of the Gwalior and adjoining territories, 
Mr. Hackett was principally engaged near to the Byana hills bordering on Jeypur. The 
geology of this area has proved intricate and interesting. The sections are unfortunately not 
good, being cut up by mtervening flats of alluvium which conceal the rocks. Bock masses 
of a peculiar character have been found to intervene between the Vindhyan series, and 
the metamorphic schists, which may approximately be taken to represent the Lower Ybdhyan 
and the Gwalior series. These are possibly the same rocks as those which stretch sway 
towards Ulwur, and if so, this will give a clue to the geology of the Aravali country. 
llie country around Byana is, as I have already said, rather intricate in structure, and 
tedious therefore to work out» but I am not satisfied that a larger area might not have bem 
completed during the season. Towards the close of the year, Mr. Hackett resumed his labonrs 
in the same or the adjoining country, but has been stopped by a want of maps. He has 
since been engaged further to the south in tracing out the boundary of the Ymdhyan and 
trappean rocks to the east of the parallel of Neemuch, &o. 

Mr. Hughes in the early part of the year was engaged in re-mapping the small coal- 
fields which occur detached near ^uroun in the district of Beerbhoom, and in revising with 
bettor maps, the Kurhurbaree coal-field. It has been difficult to obtain any very satidfactoiy 
information regarding this field, for the old pits which were some years since woriced by ihe 
East Indian Rulway Company are now full of wator, and there are few other workings in 
operation. Any desoiption, therefore, now given must be revised when the field is more opened 
out. At the close of the year, Mr. Hughes was engaged in the examination of the Pa I a mow 
coal-field in Chota Nagpore. This mi^ht, Mr. Hughes thinks, be called in j^reference the 
Daltongunj field. It proves very small m area, not more than about 30 square miles, and there 
appear to be only two seams whicn can be worked, of which onlv one could at present be 
profitably extracted. This varies considerably in thickness. At R a j b e r a , where it was formerly 
worked by the Bengal Coal Company, it is eleven feet. It is of moderately good quality- 
The rocks of tiie field belong entirely to the Talcheer and the Barakar groups. The 
lithological character of the lati^r differs considerably from that of the typical rocks in the 
Banigunj field, being as it were intermediate between the Baiakar and the Banigunj gronps. 

Mr. Ball has been carrying on the geological examination of the districte of Singhbhnm 
and adjoining tributary states. He has been able to examine the copper-yielding rocks for 
a distance of nearly 80 miles ; has noted some additional details with reference to the mode 
of occurrence of gold ; and describes cases of excessive local metamorphism of the yoonger 
rocks, reducing them to such a crvstalline condition as to be entirely undistinguishable 
Hthologically firom the old metamorphic rocks. Such cases are deserving of very carefnl 
examination. 

Mr. Ormsby had, in the early part of the year, examined a considerable area of the 
metamorphic rocks in Chota Nagpore and Hazareebagh, but was unfortunately obliged to 
leave for jBurope in consequence of ill-health before the aose of the season. 

Having very frequentiy had occasion to represent the importance of deputing a snecial 
officer of uie Survey to the examination of tne mines of India, and to the careful col- 
lection of stetistics regarding the quantity and value of minerals raised and brought to 
market, I was glad to find that a gentleman, selected for this purpose, had been ordered to jom 
the department at the beginning of the year. Mr. Mark Fryar, thus nominated as Mmmg 
Geologist in connection with 9ie Geological Survey of India, joined his appointment in tius 
oount^ on the 1st of May 1868. After a little time in Calcutta, Mr. Ryar ^ deput^l 
to the Banigunj coal-field, there to make himself acquainted with the coal-bearing rocp 
of India, and the method of mining adopted in this, the most valuable, coal-field in ^^t^ 
It was necessary that he should acquire a Imowledge of the rocks as locally developed, whicD 
would be useful in other locahties, and indeed perfectiy essential before ne could safely ta&e 
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jp any enquiry in a new and undeveloped disirict. Mr. Fryar also, later in the season, visited 
tib? Korhnnaree ooal-field, when Mr. Theo. Hughes pointed out to him the several ^ups and 
tittir diaiaeteristio lithologioal characters. Towards the close of the year Mr. Fiyar was 
deputed to the Nerbudda ^ley, and to pass thence southward by Ohindwarra to Nag p ore 
mdChanda, where (jovemment had sanctioned the full and detailed examination by actual 
onkisgB and borings of the extent and character of the coal known to exist there. For this 
piiq>oie boring rods of best construction and borers have been despatehed from England, 
md ^e work will be taken in hands at as earlv a date as possible, mi, Fryar has submitted 
brief reporte on the coal found at Lameta Gh4l^ Jubbulpore, and on the workings at the 
Kefbudos Coal and Iron Co.'s colliery at Mopani. The locaUties must again be visited by 
soiDe one knowing the Indian rocks. 

I hope that the necessary appliances for boring, &c., which have been sent for, wiU reach 
this eoont^ before it be too late to do any thing this working season. Once commenced, 
the investigations will be carried on systomaticiuly, so as to ascertain exactly the full extent 
of area over which the coal beds extend and the thickness and nature of the coal itself. 
The ooontry is much covered with alluvial depoeite, and excepting by actual trials it will be 
impoasible to say what the extent of the coai-fields may be, while the importance of the 
bodity taken in connection with the supply of fuel on the Nagpore branch of tJie Qreat 
Indian Peninsula Railway and for other purposes, cannot be over-estmiated. 

It has not been found possible, with the reduced number of our staff, during the present 
season to place any one of the officers of the survev in this part of the country, with a view 
to trace out the extension of the coal-bearing rocks to the south from C hand a, if they do 
M extend. It is probable that the ftirther extension will be traced, although t^e evidence 
seems tolerably conclusive that there is a continuous diminution in thickness of these rocks as 
tbej pass to the south ; and it is highly probable that they will be found not to extend much 
tarther than they have been already traced. We know that they have entirely disapneared, 
at about seventy miles in that direction, and steps will be token at the earliest possible date 
to have the intennediate country examined. Beporte of the occurrence of coal have frequently 
been dicolated, and recently it is stated to De in some quantity near Domagoodium: 
bat these reports have not as yet been confirmed. 

When proceeding to the Banigunj field, I specially directed Mr. Fryar's attention to the 
Tery high importence of inducing, if possible, the colliery proprietors to economize the 
large amount of waste and dust coal which at present is allowed to take fire and bum 
awaj to no useful purpose at the pits. The peculiar structure of Indian coal renders the 
proportion of this waste, produced in hewing, larger than in coal of a more homo^neous and 
richer character, while the very much greater brittleness of the strings of rich jetty coal 
18 compared with that of the tougher lamina of earthy matter also adds to the proportion 
<^ the better fuel, which is lost in the waste. I urged on Mr. Fryar to induce some of the 
pToprietors to make trial of washing and compressing this waste and dust so as to form bricks 
or cakes of fuel, and mentioned to him the success which had attended some experiments made 
by myself, on the use of common rice water as a medium for agglutinating the mass. Several 
tnals were made and many bricks produced from washed waste, and, as I believe, good promise 
of soooess was established. The system has not, however, as yet recommended itself to the 
proprietors ; thev believe that the expense and cost would not oe repaid by the result, and 
they have thereiore not taken any steps to carry the trials further. 

In tlie experimente I had myself made years since, and in those which were made by 
Mr. Fryar during the past year, no sufficient pressure was available. And in consequence, 
althoagh the rice-water appeared to act very successfully, there was much too large a quantity 
of it taken up. The result of this was the comparatively open and uncompressed texture 
of the bricks, and when put on the fire they smouldered away rather than burnt. The 
only pressure used was that of a very inferior brick machine, nor was anything like proper 
attention paid to washing the dust before moulding. 

I am quite confident that a very large amount of most valuable friel could be with 
profit economized in tUs field, all, or almost all, of which is at present allowed entirely to go 
to waste. I do not anticipate that it will ever be profitoble, under the peculiar circumstances 
of Indian fields, to adopt the suggestions thrown out bv some who have never seen these fields, 
o{ reducing all the ooal extracted to fine powder by crushing, then washing, moiQding 
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and baking into symmetrical blocks. But I am satisfied that much may be made out ol 
the dust and dead-small coal, now wasted. The peculiar conditions of the field render it 
compulsory that all this should be brought to bank so that the only expenses to be incurred 
aro m the actual manufacture. It would surely be more profitable to reduce a larger portiod 
of this waste into the state of good useful fuel tiian to allow it to take fiie and bum itselj 
to a heap of ashes. 

Mr. Fryar's attention was also given to the utilization of the small coal and dust for the 
production oi coke, and with considerable success. 

During the past year, a circular was addressed to the proprietors of collieries finom this 
office, urging on their consideration the vast importance of maintaining proper under-groand 
plans, pointing out very briefly the advantages to be derived from such. And I was mach 
gratified to find from the replies received from every one of the large proprietors that they not 
only saw the advantages to be gained, but were determined to secure them. Carefoi plans 
are now being made of most of the mines in the Ranigunj field ; plans of the workings in the 
Kurhurbaree field will be conmienced as soon as the workmgs there commence under the East 
Indian Railway Company, and will be maintained. In the Nerbudda plans are kept. I look 
upon this as a most gratifying progress for a year or two. The largest coal proprietors in the 
Banigunj field have not on^ engaged a qualified mining surveyor, but they haye ordered all 
thefir assistants to pass an examination in the use of the surveying compass, &c., and have 
secured attention to this study by giving an increase of Bs. 50 per month to the salaries of 
those who may pass. The same Company has also ^iven an excellent example of progress by 
ordering one of tneir own servants, and wno, by their permission only, is also examiner of 
steam-ship boilers under the Government of Bengal Qai, Walker), to proceed each half-year 
to their works to examine carefully and report upon, in detail, the condition, work, auty, 
and capabilities of every one of their steam engines ; this report to be submitted previously 
to each half-yearly meeting of the Company. 

Madkas. — In Madras Presidency, Mr. Foote was absent on medical certificate during 
the greater part of the year. He only returned late in October. The remainder of the party. 
Mr. C. Oldham and Mr. King, commenced the season's work north of Ghooty, and marching 
uptoKurnool, surveyed, as they passed along, a sufficient breadth of country outside of the 
boundary line of the Kuddapah rocks, to ascertain the non-existence of any outliers of those 
rocks in that neighbourhood, and to obtain a good general idea of the character of that area 
of metamorphic rocks. It proved to be chiefly an area of granitoid gneiss, with a few trap- 
d^kes, and some runs of fault-breccia ; the prevalent directions of these being west-north-west, 
with variation to north-west, and east-north-east, with a variation to north-east. 

From Kurnool, the Surveyors passed across the hills to the east, by the Muntaval pa.«s- 
Mr. King separated from Mr. Oldham atDoopaud, from which he moved northwards, carry- 
ing on his examination in connection with the survey of the previous season. Mr. Oldham 
proceeded to the Kistna district to join the Superintendent. 

Mr. King rejoined Mr. Oldham in the middle of February, and working first through 
the Vinuconda taluq, they then passed into the Palnad, and carried their geological lines up 
to the Kistna River. Parts of this country are very difficult of access, wide areas quite unin- 
habited, without roads and without any means of ootaining needful supplies. Much of the 
geological structure is also intricate, and the district is at the same time very unhealthy. 
The temperature during the pastyear was unusually high in April and May, and repeated 
attacks of fever prevented the officers of the survey from carrying on their examination with 
their usual vigour. They continued, however, at work until the beginning of June, when 
Mr. King was compelled to proceed to station. Mr. Oldham went northwards and crossed 
the Kistna, honing to be able to complete a detailed survey of the Juggiapett country. A 
part of this only could be accomplished, for the early and heavy oreak of the monsoon 
compelled him also to leave the field about the middle of June. 

During the autumn Mr. Oldham delivered at the Civil Engineering College in Madns 
a course of lectures on Geology. These were attended, and with marked r^ularity, bv a 
larger number of the general public than on previous occasions, while the engineering cW 
was also very attentive and interested in the suoject. 
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Whok I left the neighbourhood of Jaggiapett early in the }rear, as already referred to, 
I had hoped that there would have been time to aooomplish a detailed sorTey of that smaU 
u?a, taken in connexion with the adjoining oonntfy, before the doee of the season. As I 
bre inst stated, the early and very severe setting in of the monsoon prevented this. I regret 
uds tlie more, fitmi the reiterated statements which have been made as to the existence of 
<ml in that vicinitj. Mr. C. Oldham, in remtting that he was compelled to give up the 
ittempt to finish the work at that time, says — *I was, however, able to trace out the succession 
ci the beds there for a considerable distance, and I had the opportunity of examining with 
somevhat more detail than we were able to do, during our visit early in the year, the way in 
which the rocks lie, and to convince myself (in entire accordance with your own conclusions) 
that ceitainly over the part of the area which I was able to survey, in which are some of the 
kcaiides where coal had been reported, not onl^ does mme appear, but that the occurrence of 
anr thing hke^a workable seam of coal, unseen, is impossible. The rocks are singularly well 
exposed and tiieir succession Tery clearly seen. The general succession of rocks seen m the 
Jug^pett area is, in ascending order, quartzite slate, limestone, schistose slates, and over these 
cpper slates, in the hills to the south, comes apparently another set of quartzites.' The two 
bwer groups, Mr. C. CHdham is inclined to refer to the Kuddapah series of rocks ; and the 
jm€«tone with the slates above it to the newer Kumool group. There is apparently uncon- 
&Tmity between the two series here, as in many other places. The Kumool rocks cover a 
hi]ge area in the Palnad, and the two limestones with associated shales, are seen separated 
W quartzite, (the * Paneum* quartzite of the survey) ; this is locally of considerable thickness 
sad forms a Tery well marked bed, but elsewhere it thins out to a couple of feet 
cr eren disappears altogether. The lower limestone of the Palnad is apparently identical 
Tiththatwhich coTcrs so very large an area near Juggiapett, although the actual continuity 
d the two still remains to be traced. Much of the limestone would form a Tery durable ana 
oeeUent building material, and several of the beds would yield a handsome ornamental marble^ 
being veined in different colours, chiefly buff and pink. 

(Shipped stone implements were traced up to the Kistna district. On the Muntaval 
^a£&, one was extracted from hard solid laterite. 

From Bezwara, Mr. C. Oldham visited a small area of sandstone at Tunglamoody, 
iboat H miles south-south-east of Bezwara. These sandstones there form a rising ground or 
Hllock of no great extent. They are quarried for use in the adjacent country, where many 
temples have been built of them. No fossils were traceable, but from the general character 
(>t' the rocks, Mr. Oldham considers them as belonging to the same group as the plant sand- 
^ones further to the south, to some of which they bear a great resemblance. Further, while 
auuching back to Madras from Guntoor, he noticed similar sandstones and some poroellanio 
^^ in several places near toTinkolu,and south of that along the road : and at Razpoody 
I considerable amount of them is exposed, chiefly a greyish and yellowish shaly sandstone. 
^ese beds are quarried to some extent for local building purposes. The great resemblance 
BthologicaUy of these rocks (shaly sandstones, and porcehun-like shales) to those in the 
BeigblwTirhood of Sripermatoor, in the Madras district, is striking. Mr. C. Oldham thinks 
^ these belong to the same series, and thus we have, at a distance of 450 miles finom where 
ve first found uiem in the Trichinopoly district, remains of a series of deposits once continu- 
ous, and the connection of which is now only indicated by the many detached areas of the 
^e beds, which have been traced by the survey in the South Aroot, North Aroot, Madras, and 
Sellore districts. 

Bombay. — ^The Bombay party of the survey has been during the whole year under the 
(htrge of Mr. A. B. Wpme, Mr. Blanford being, during aU the time, absent with the 
Ab^Bsinian Field-force. The party was engaged in the examination of Cutch, of which area 
^bcmt one-half has been Tery careMly completed. The reported occurrence of coal, said to be 
^ workable quantity, was one reason which demanded a careAil investigation of the rocks 
^ their relations. But the principal interest connected with the investigation of Cutch cen- 
^^ in the fossils, which occur there in considerable abundance. Along with others, very well 
preserved remains of peculiar plants occurred, easily recognizable, and giving a very marked 
fiiciet to the flora of these rocks. This was characterized by the predominance of Yarious 
^'^rms of Cycadeae. These same forms of Cycade® had been found in abundance in Bengal, 
^^ the opposite side of the Indian peniysula, and in numy places near to Madras, far to the 
^uth. In the Bajmahal Hills no associated beds occur from which the true geologi(»l horizon 
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of these plant-bearing rocks could be made oat, while in Madna proBidency also, althongh t 
aacoesdon clearly established that these rocks were not youn^r than the cretaoeous formaii- ' 
there developed, there was (equally as in Bengal) no possibility of fixing their lower limit 
geological time. In Cutch these plant-bearing beds, on the contrary, were said to ocoor asi : : 
oiated ,wi1^ rocks rich in marme fossils, well preseryed, and the geological epoch . 
which was well marked and readily determinable. But although undoubtedly associated wi - 
the marine fossiliferous beds, the mode of this association was still uncertain. Captain Grai 
the original describer of the province, left it doubtful ; while Mr. W. Blanfora, during 
cursory visit to part of Catch, was led to believe that the plant-bearing rocks were actoid 
intercalated with the others. The facts, as resulting fiN>m Mr. Wynne's very careful si 
deteiled examination, appear to be that a very few and very imnerfeot remains of planU < 
occur in layers distinctly intercalated with the truly marine oeds, and have probably bet 
drifted into these localines from shores adjoining the seas in which the moUusca, now fsua 
fossilized in these beds, then eziBted. But as a whole the beds in which the well-marka 
PcUaosuimia occur are decidedly younger than those containing the truly Jurassic Ammonik 
and other characteristic fossils ; and that they constitute an upper zone, but belonging to th 
Jurassic period. These very important results will be illustrated in detail in Mr. Wynne' 
reports. 

Mr. Fedden has been engaged with Mr. Wynne in this careful examination of Caleb 
and has more especially devoted himself to the portion of the province occupied by tb 
tertiary rocks. 

Very extensive and valuable collections of fossils have been made by this party of the 
survey, and transmitted to the Museum. 

BvBHAH. — ^Mr. W. Theobald, Junr., having returned from absence of leav^e, resumed 
the examination of British Burmah towards the dose of the year. The time whidi elapsed 
up to the end of the year hss been too brief to admit of any great progress. The country 
under examination has been that portion of the Prome district which stretches between the 
Eastern or Pe^u Toma and the Irrawaddi, and lies to the north of the Toung Raweng 
stream. This will, when finished, complete the whole of the Prome district east of the Irra- 
waddi. I confidentiy hope that we shall now be able to complete the examination of all British 
Burmah soon. The results at best are unsatisfactory from the absence of any ^ood 8ection5 ; 
and any attempt at classification of the rocks can only be of the largest kmd. The whole 
country is too much covered to admit of any great detail. 

Publications. — During the year under report, we have commenced the issue at stated 
intervals of a new series of publications called the " Records of the Geological Subvet of 
India." These are printea in smaller type and on thinner paper (for free transmission by 
post) than the more detailed Memoirs, but of the same size, so that they can on completion 
of a volume be bound with these. It is contemplated to issue a number every three months, 
making four numbers or parts in the year. It was impossible, however, to commence the 
issue until after several months of last vear had passed, and therefore, for 1868, only three 
numbers appeared. In explanation of^ the object with which this series has been comnienced, 
I may quote here from the brief Prefatory Notice which accompanied the first part. 'This series 
will contain a notice of the current work of the survey up to date ; a list ox contributions to 
the Museum or Library ; a list, and occasionally an analysis, of such books published elsewhere* 
as bear upon Indian Geology ; and, generally, of all facts illustrating the immediate object 
of our researches, which may from time to time come to our knowledge. 

The three numbers issued in 1868 have contained papers on very varied subjecU; 
ooal, gold, copper, fossils, and several local descriptive papers, which have proved of macli 
interest to local officers; also lists of all additions to ijibrary, &c., during the year. 

I am happy to say this new aeries of publications, although necessarily issued with veff 
few illustrations, has already attracted much interest, and I th^ will prove very useilLl. 

Of the Mehoibs of the Geological Sitbvet of India, a very valuable part has been 
issued, containing full report on the geology of the lower parts of the Kerbudda and Tsptee 
Valleys by Mr. W. T. Blanford. The delay involved in the preparation of the necessary 
illustrations for this paper caused it to appear later than I had hoped. In the same part u< 
also a detailed description of the structure and anatomy of the very curious little frogw loiiiC 
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to V>e found in some thin papery shales near Bombay. To these Professor Owen had 
1847 ^irem the name of Sana ptisilla. More careful investigation, and more perfect 
riioejiAy sHow that these strange little frogs belonged to the existing genus Oxyglossus. 

Mr. Slaaford's report includes all the country lying between the parts already described 

tv Mr. «J. O. Medlicott (see Vol. II, Memoirs Geol. Survey of India) and the Gulf 
\ Caxnbay, and thus completes a geological section right across the peninsula to the neighbour- 
ib)od of !»>ixiba7. 

This part completes Volume VI of the Msmoibs of the Geolooicai Survey of Ixdia. 

Of tJie fig^ures and descriptions of Indian fossils, included in the Palseontologia Indies, 
i ^ seoozkd. half of the description of the Cretaceous Gastropoda was issued in October. This 
, eootained. four fasciculi, and being ready at that time, I was enabled to issue it in advance, 

v> as to carry the publication np to October of the present year. The danger of loss, the 
' tftdlity of destruction or injury, and the delay in transmission, of the smaller fasciculi, render it 

preferable to issue the whole series due for a year at once, if this be ready. 

The description of the Gastropoda, concluded in these parts, was carried out to the close 
vith the fiill detail to which I specially alluded in my last report. 

Mucli progress has been made in the preparation of the needful plates for the illustration 
of the 8i valves, the group which will be published next. 

At the request of several local officers we have, during the year, furnished brief 
geological descriptions of their districts, which they needed for statisticai accounts, descriptive 
nrporta, &c., ^. 

XiiBKABT. — During the twelve months of 1868, we have added to our library 1,766 
Tolumes, or parts of volumes, of books. Of this total 508 were presented or received in 
eichan^ for the publications of the Geological Survey from Societies and other institutions. 
We continue to maintain our catalogue of these books up to date, and in the new series 
of oar quarterly publications (The Recobds) a complete list is given, in each part, of those 
Tvcewed durixig the preceding three months. It is hoped that this announcement being sent 
to the several Societies from whom the presentations have been received will suffice as an 
I acknowledgment, and will thus obviate the necessity of separate communications. 

We are quite as seriously inconvenienced in our Library arrangements, by the want of 
sufficient space, as in the Museum. The books are necessarily placed in double rows and often 
^r too crowded in their cases. This renders it impracticable to be as careful of them as 
might be, and also seriously intei*feres with facility of consultation or reference. To give fair 
room for all we would require at least doable the number of cases and shelves we have 
at command. 

To this report is appended as osaal a list of the Societies and Public Institutions from 
which the Geological Survey of India has received donations or exchange of publications 
during the year 1868. 

In my last report I stated that the literature of Geology, Mineralog5r, Palaeontology, Ac., 
bad of late years so vastly increased that it was impossible to maintain our library effect- 
iyely from tiie small sum annnally appropriated to such purposes and I am happy to be 
ftble to state that an increase to this sum has since then been sanctioned. 

Museum. — Up to the close of the year we had not received all the series of fossils 
procured during 1867 in Euro^,,in connection with the purchase of the Klipstein collection. 
Bat few now remun to be received, and I hope to be in possession of all at an edrly date. 

During the year, I had the advantage of the aid of Mr. Geoff. Nevill in arranging, 
prapsring, and cataloguing these fossils as opportunitv offered for opening and examming 
them, in many cases, the want of space has rendered it necessary 'merely to open, examine, 
chedE, and pack up aeain, box after box, as we have not space in wmch even to arrange, much 
leas exhibit, car collections. Three additional rooms have been given np to the moseom, 
and this will afford, a certain amount of relief, when we have been able to procure cases. 
Daring the year more than 6,000 specimens have been catalogued. 

We have retamed to the Central Museum, Madras, the CrotaoeooB Gflstropoda which they 
had been good enough to lend u« for examination and description; and we have added to the 
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list aa complete a aeries of duplicates of this group of fossils as our ooUections could 
I think local museums should especially, and in preference to any more general illusi 
seek to render their collections specially rich and illustrative of local Natural Hisi 
my desire has been to place in the Madras Museum the best series of duplicates wl 
be selected from the very interesting and valuable coUections of Tricmnopoly foi 
during our geological examination of that district in the Madras Freadency. With 
object, I also sent to the Museum at Ruamundry as complete a series as our o 
would afford of the interesting tertiary Kwsils found dose to that town, carefully 
and with accurate references ; so that those interested might have some good data 

Sanson, if they had the opnortunity of adding to these local collections. We hi 
uring the year examined and named for several persons specimens and small oollectioi 

From the officers of the survey working in Cutch, the collections have received vc 
additions ; among which are man^ good specimens. The other parties of the 
not been enga^^ in richly fossiliferous districts. Mr. M^Qicott has brought a 
from the Khasia Hills, and a few have been received from Burmah. 

Metbobitbs. — ^To the noble collection of meteorites in our Museum have 
during 1868 specimens of the fall of Pultusk, 30th January, 1868 : of Klein 
7th of October, 1861: of Perth, 17th May, 1830; of Ornans (Doubs), 11 
1868; and of Lodran near Mooltan, 17th of October, 1868, being five in all. 
of these (Klein Menow) our collection contained a minute fragment before, but 
now obtained a very splendid specimen. The others are all new to our series. 



rare specimen from Perth, I am indebted to the friendly kkidness of Mr. Wm. 
Iming, Surrey, from whom also I procured the Klein Menow specimen, 
good frieim M. Jules Marcou, Paris, I owe the specimen of Ornans, while the ooni 
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of that frt)m Pultusk was among the latest communications received from the able 
of the Imperial Mineral Cabinet at Vienna, Dr. M. Homes, since deceased. This 
one among a very numerous and long-continued series of friendly communications, 
I have ever experienced the most hearty and graciously rendered support and 
from the Austrian Geologists, and from none more warmly than from the greatly 
Homes. 

A snuiU map is as usual appended, showing roughly the areas of which the _ 
examination has been completed, or is now in progress, in connection with the survey. 



Obol. Subyby Officb 
Calcxttta, March 1869 
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Director of Geological Museum^ 



List qf Societies and other Public IneUtutione, Sfc, from which PublicaHont 
received in donation or exchange for the Library of the Geological Survey 
during the year 1868. 



LovDOH. — ^Boyal Society. 

Boyal Institution. 

Royal Asiatic Society. 

Geological Society. 

Geological Survey of Great Britain and Ireland. 

Boyaf School of Mines. 

Boyal Society of Arts. 

Boyal Geographical Society. 
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Dublin.— Royal Society. 

„ Royal Geological Society. 

Edimbubgh. — Royal Socie^. 

Glasgow. — Geological Society. 
Cornwall. — Roj'al Geological Society. 
ViBNNA. — Kais. Hof Mineralien Kabinet. 

K. K. Greolomsohen Reiclig-Anstalt. 
Kais. Akad. der Wiasenschaiiten. 
Dbbsdbn. — Naturwiss. Gresellschaft, Isis. 

Bbblin. — Deutflchen C^eologischexi Gresellscliaft. 
Bbbslau. — Schlesiscben Gesellschaft far Yatcrland. Eultur. 
Munich. — Kon. Bf^erischen Akad. der Wissensh. 
M08COW. — Soci^t^ Imp^riale des Naturalistes. 
SwBDBN. — Bureau de la recherche G^logique. 
Nobwat. — Royal University of Christiania. 
Pabis.— Comm. des Annales des Mines. 
„ Soci^te G^logique de France. 
Dijon. — Acad, des Sciences. 
Cabn. — Soci^t^ Linn^nne de Normandie. 
Bbloium. — Academie Royale des Sciences, Bruxelles. 
Nbuchatel. — Soci^t^ des Sciences Naturell^s. 
LAUSANNB.-^Soci^t^ Yaudoisc des Sciences Naturelles. 
ZuBicH. — ^Naturforschenden Gesellschaft. 
TuBiN. — Royal Academy. 
GoBTTiNGBN. — Konigl. Ctesellschafb Wissenschaflen. 

Gbbxany. — Leop. Carolino Acad, of Sciences. 
CoFBNHAGBN. — Danish Academy. 
Philadblphia.— Franklin Institute. 

„ American Philosophical Society. 

„ Academy of Natural Sciences. 

Boston. — Society of Natural History. 
Amhbbst, Mass. — Museum of Compar. Zoology. 
Salbh.— Essex Institmte. 
Washington. — Smithsonian Institute. 
New Haven. — Connecticut Acad, of Arts and Sciences. 
ToBONTO. — Canadian Institute. 
ViCTOBiA. — G^logical Survey. 

„ Office of Mines. 

Calcutta. — Asiatic Society of Bengal. 
„ Agri-Horticultural Society. 

,, Indian Annals of Medical Science. 

Bombay. — Branch of Royal Asiatic Society. 
RooBKBE. — ^Thomason College of Civil Engineering. 
Governments of India, Madras, Bombay, Bengal, North- Western Pro- 
vinces, Chief Commrs., Oude, Central Provinces, Burmah. 
Great Trigonometrical Survey of India. 



Note on Panoshura tbcta, and two other species of Chblovia, from the newer tertiary 
deposits of the Nerhvdda Valley, by Feed. Stouczka, ph. d., Palaontoloffist, Choi. 
Surv. qf India. 

While engaged in the examination of the tertiaiy ( P pleiooene) deposits of the valley of 
the Nerbudda river in 1858, Mr. W. Theobald, Junior, obtained, among other fossils, a 
few remains of Cuelonia which are of great interest as throwing light upon the then 
existing representatives of this reptilian order. 

Mr. Theobald described these deposits at some length in a paper "On the tertiaiy 
and alluvial deposits of the central portion of the Nerbudda valley" (Memoirs, Geol. Surv., 
India, Vol. II, p. 279). He distinguishes two groups of beds, an upper and a lower. To 
both of these a large number of the fossils is common, but Mr. Theobald is inclined to 
think that those of the upper group may have been, partially at least, derived f^m the 
denudation of the lower group. The beds of this lower group are more fossiliferous than 
the others, but they can only be examined where they are exposed in the banks of the 
Nerbudda river itself, and in those of a few of the larger tributaries. The same author also 
gives a list of land and fresh-water shells found in these beds. Many of the species noted are 
still met with recent, and some appear to be identical with those determined by 
Prof. Ed. Forbes from the Sevalik strata (see Falconer's Palseont. Mem., Vol. I, p. 389). 
Of the vertebrate fossils also, several species are common to both the Nerbudda and Sevalik 
strata. Still some peculiarities in the Bovine and Pachyderm types have been pointed out, 
which seem to show that the deposits of the Nerbudda valley are younger than those of the 
Sevalik hills. On this point it is dii&cult to arrive at any ddBnite conclusion from the 
examination of the fossils alone. The comparatively larger number of Bovines in the 
Nerbudda beds, as contrasted with the Pachyderms, the absence of Mastodons, &c., may be 
due to local causes. And further, the number of fossils as yet known from the Nerbadoa is 
small, while from the Sevaliks, which have been examined more in detail, we have a large 
number of well determined species. The only question is, whether all the fossils which hare 
been described from the Sevaliks really belong to one series of beds only, or whether they do 
not in reality represent somewhat distinct horizons (the Nahun series, the upper and lower 
Sevaliks, &c.) It is certain that no particular attention was paid to these aivisions when 
the earlier collections were made. Much is thefefore still left to be worked out, both in 
the Nerbudda and in the Sub-Himalayan country. 

In the present note I shall direct attention only to the Chelonian remains from the 
Nerbudda valley. Mr. W. Theobald, in his report quoted above, repeatedly states that 
Chelonian remains occur throughout the lower group, but that they are rare as compared 
with those of the Mammalia (see pp. 289, 290, 292). Besides these remains of Chelonia I am 
not aware that any other reptilian remains have been met with in the Nerbudda beds, 
although Saurians and others most probably existed within that area, as they do now, and 
as they did already during the time, and in the area, of the Sevalik deposits. 

These (]Jhelonian remains are referrible to three species; one, which is sufficiently 
preserved, has been identified with the recent Pangshura tecta, and, of the three other 
fragments, one appears to belong to a recent Batagwr, and the other two to a Trionyx. 

I shall give first a short description of these remains, and then add a few words 
respecting the conclusions resulting from this examination. 

Pangshuba tecta, Bell, sp., Plate I, Figs. 1, 2. 

JEmys tectum^ Bell, Monog. Testudinarum. 

„ tecta^ Grray, Illustrations of Indian Zoology. 

„ Namadicus, Theobald, 1860, Mem. Geol. Surv., India, Vol. II, p. 295. 
Pangshura tecta, Giinther, 1864, Reptiles of India, p. 33. 
Emys tecta. Falconer's Pal. Memoirs, 1868, Vol. I, p. 388. 

The shell of Pangshura tecta* has an elongated oval form. The centre of the back 
is elevated, more or less distinctly carinate, the sides are rather flattened and slope at an 
angle of about 45°, which increase up to 50° towards both ends. The carapace is anteriorly 

• I have adopted here the chftnare in the specific name, fccte, as being more in aocordanoe with the preneral 
systein of nomenclature, althou^yh Bey wijd that Gray had misquoted the name tecta instead of tectum^ the roof or a 
house, which was intended to express the general form. 
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about equal to, or a little shorter than, the sternum, and slightly emarginated ; posteriorly 
it is obtusely rounded, and at the marginal shields more or less distinctly serrated. 

In the specimen figured on Plate I,— which was discovered by Mr. W. Theobald 
at Moar Domar in the Nerbudda valley, — ^the carapace agrees in every respect with that of 
the recent species, as will be shown by giving the necessary details of its structure. To 
fijciiitate a careful comparison, I have also given a drawing of one-half of the dorsal and 
ventral views of the carapace of a small specimen, procured living in the neighbourhood 
of Calcutta. These drawings are intended to illustrate not only the epidermoid but also the 
osseous shields. Proper attention is seldom given to the latter m zoological works, although 
in palffiontological researches they are of greater importance than the former. 

The fossil figured is not perfect, the posterior portion of the carapace not having been 
found ; but the rest of the shell is quite sufficiently preserved to admit of careful comparison 
for specific identification. The general form of this fossil is, aa ahready stated, exactly the 
same as that of recent specimens. 

Epidermoid plates.—The nuchal shield is very small, narrower anteriorly than posteriorly. 

All the five vertebrsds are obtusely carinated in the middle, and the first three become 

successively more and more elevated at the posterior end. The first vertebral is pentagonal 

with an obtuse projecting angle in front, slightly emarginated at the sides, narrow and 

truncate behind. The second vertebral is about the same size as the first, also pentagonal, 

truncate at both ends, considerably narrower posteriorly than anteriorly, ktwally, 

at one-third of the length from the front edge, widest and angular. The third vertebral 

is the smallest, but the highest of all, pentagonal, truncate in front, angukr at the 

sides, after which considerably produced posteriorly, becoming gradually narrower and 

terminating with an obtuse point. The fourth vertebral is bell shaped, very much 

prolonged, joining the third with an obtuse point, then becoming gradually wider until 

it reaches about ttiree-fifths of its length, after which it narrows again, terminating with a 

truncate side, about one-half of the greatest width of the shield. Of the fifth verteoral only 

tbe anterior portion is preserved, showing it to be truncate in front and quickly widening 

posteriorly. The sides were probably obtusely pointed and the posterior termination truncate, 

broader than the anterior, as in recent specimens. In these the sides of the fifth vertebral 

are sometimes pointed, sometimes distinctly truncated. Costal or kteral plates are five, all 

being transversally elongated and of a more or less irregular pentagonal shape. They 

entirely agree with those of living specimens, as is equally the case with the marginal shields, 

which are eleven in number on either side. The serration of the posterior marginal shields 

remains to be properly recorded if better preserved specimens should be discovered, for neither 

is it distinctly traceable in the figure given by Dr. Murchison in Falconer's PaL Memoirs. 

On the ventral side we have first to notice a pair of small, triangular, posteriorly pointed 
pilar shields. To these follows a pair of Urger, subquadrangular post-gulara ; then a pair of 
wther high pectorals, next to which aije the abdominals, being the krgest, and then the other 
shields of normal size. The ariUaries are comparatively small, posteriorly pointed, the 
intruinals birge anteriorly, on the external side obliquely truncate. The longitudinal ridge 
which connects each axillary with iU corresponding inguinal is very distinct, sharp and 
sUghtly longer than in most recent specimens. The pbatrum is distinctly concave, probably 
a Uttle more so than in male specimens, as usually met with about Calcutta. 

Osseous plates. — The distribution of the osseous plates, as is well known, does not agree 
with that of the epidermoid shields. There is a very large nuchal plate and a very small 
caudal, the latter not being preserved in our specimen. There are ten small vertebrals, the 
last (the largest) not being seen in the fossil, but the other nine nerfectly agree in their 
relative proportions and in their relations to the epidermoid shield with those of live 
specimens. The costal shields are eight; the first is the broadest, with reference to the 
longitudinal diameter of the carapace ; all the others are very narrow. The number of 
marginals is eleven on each side. 

On the pUfcstrum we have a pair of subquadrangular gular shields, to which follows a 
pair of very Urge pectorals, these four shields enclosing in the middle a single, suboval post- 
iralar: there is besides a pair of very large abdominals aad one i)air of smaUer anals. The 
aaals and inguinals are not separated from the pectorals and abdominals respectively. 

No portions of the internal skeleton, as the extremities, &c., have been found preserved. 
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The epidermoid plates in Pangsh. teeta, aad other allied species, aro sabjecttoa great deal 
of variation, which is especially considerable in the form of the vertebral plates, occasionallj 
so much so that they cease to be of fip'eat specific importance. The most yariable are the 
first and the fifth vertebral plates, in the Indian Museum there exists a remarkably large 
specimen of Panggh, tecta from Cachar. Its first vertebral is pentagonal, the second qoadnm- 
gular, third rather large, of regular form, fourth very large, hm shaped, the fifth is three-fifths 
of the length of the former, of almost equal width throughout, truncate in front, sub-angukr 
laterally, and obliquely pointed posteriorly, while, as a rule, it is truncate behind (see fig. 2, pi 1). 
There are twelve marginals on each side, instead of eleven, the tenth being divided by a farrow 
in continuation of the suture which separates the fifth costal from the fifth vertebral. The 
caudals are very small. 

Comparing the epidermoid shields of some of the specimens of P. tecta with those of 
Pangsh. tentoria, it is by no means easy to point out any very remarkable distinctions, but 
the latter species can be always recognised by its broad, depressed back, the sides of the 
carapace being distinctly convex, and the general form of the shell more elongated. (See 
Theobald's Catalogue of Reptiles, etc., Jour. Asiat. Soc., Bengal, Extra No. 146, 1868, p. 14). 
Giinther's figure of Pangsh. tentoria is by no means characteristic, being almost undistin- 
guishable from that of P. tecta. 

The costal shields are, on the contrary, much more constant, and they do not appear to 
vary essentially in allied species and genera. In all the species of Pangehwra which I bsre 
examined they were arranged quite identically. 

Mr. Theobald proposed for the specimen here figured the new specific name " Namadieus" 
while Dr. Falconer, in an essay already written m 1844 (see Falconer s Pal. Mem., Vol. I, 
1868, p. 382), had identified another specimen found in the SevaHk strata with the recent 
species. The examination of the Nerbudda specimen has strongly confirmed Dr. Falconer's 
investigations ; that celebrated naturalist summing up his results m the words, " that we are 
not justified in constituting a difference where we do not find it." Judging from all the 
solid parts of the carapace, it cannot, I think, be reasonably questioned that the Nerbadds 
and the Sevalik fossils, as described by Dr. Falconer, are both of the same species, and identical 
with recent specimens of that species. It might, of course, be said by some naturalists that 
the fossil specimens may have been, for instance, quite differently coloured, and this would 
be sufiKcient to constitute a s^ific distinction. Sucn hypotheses cannot, however, be admitted 
as having any value in pointmg out specific distinctions of fossils. 

I have no doubt that the specimen from which Dr. Falconer's description was taken 
is a true Pangsh. tecta, but it seems very doubtful that it was the identical specimen fignred 
by Dr. Murchison on Plate 32 in Falconer's Pal. Mem., Vol. I. I have little doubt that this 
last one is also a Panggh, tecta, but it can scarcely be the identical specimen which Dr. Fal- 
ooner described. Dr. Murchison (in a note on page 382) pronounces the fig^ured specimen to 
be the original of Dr. Falconer's description, but when writing the explanation to the plate 
some of the differences must have struck him, and here he leaves the identity of the 
specimen doubtful. On page 383 Dr. Falconer says, with reference to tiie first vertebral, 
(of the epidermoid coat), " the exact form is not distinctly seen, though it seems to converge 
less * * *." In the figure two-thirds of the first vertebral are broken off, and no con- 
ver^nce is perceptible. Farther, the author says, " the outline of the fourth scute is not 
distinguishable in the fossil, and the fifth one is wanting." In Dr. Murchison's figure the 
fifth shield appears perfectly preserved. With regard to the fourth vertebral scute there is an 
error in Dr. Murchison's figure. The draughtsman has in place of the outline of the 
epidermal shield marked the outlines of three osseous plates, and of these he does not seem 
to have given the outlines quite correctly. The fourth epidermoid vertebral scute extends over 
three complete osseous vertebrals and an additional one-half, or nearly that, on either end (see 
pi. I, fig. 2). It is important to point out this distinction, though every one, looking at 
Dr. Murchison's figure, will readily notice that some mistaJce of that kind must na?e 
occurred. For no JEmys or Pangshura possesses seven scutes in the epidermoid covering, 
and if intended as a representation of osseous shields, the number is, as I have already 
stated, too small. In spite of this discrepancy and the somewhat strongly bi-tubercnlated 
second vertebral scute, I can hardly think that the specimen figured by Dr. Murchison 
belongs to any other species than Pangsh. tectu. 
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Bataoub 8p., eowf. dhohooka, Gray, PL I, Fig. 3. 

Giinther's Beptiles of India, Bay Soc., 1864, p. 42. 

One right abdominal OBseoos shield has been found in the conglomeratic beds near the 
yiStge Omeria. This abdominal osseous shield is 108 m.m. long and 94 m.m. broad in 
the region of the inguinal process. Its form, the flat surface and the outlines of the 
junctkm of the abdominal and prae-anal shields, of the inguinal and of the adjoining marginal 
on the external side, entirely agree with the form of the same shields of the recent BaUigur 
dioMffoka, Further materials are, however, necessary to show whether this supposed identi- 
fication be correct. 

The species occurs at present throughout India, especially in the larger rivers, and it is 
found up to the present time in the Nerbudda. Judging from the size of the fossil shield, 
the specimen to which it belonged must have been about one foot long ; specimens much 
larger than this are met with alive now in India. 

TsiovTx 8P., eot^. GANOBTicus, Cfuvier, PL 1, Figs. 4—6. 

Giinther's Beptiles of India, Bay Soc., 1864, p. 47. 

The two fragments which are referrible to the above species consist of the hu^^est 
portion of the left lower inguinal plate, and a fragment of one of tibe bonv (sternal) processes 
with broad longitudinal rorrows. The rugose surface of the inguinal plate entirely agrees 
with that of ^monyx ffangeticus, and this is the only reason which can at present be 
brooght in support of the presumed identification of the foesil with the recent lorm. The 
thidmess of the plate shows it to have belonged to a large specimen. These two fragments 
were also met with in the conglomeratic bed near Omeria. Trionyx gangeticut is found at 
the present time living in most of the large Indian rivers, especially in the Ganges and its 
tributaries. 

We have thus up to the present three species of Chelonia upon record from the newer 
terlaaiy fluviatile deposits of the Nerbudda valley. These all belong to forms which live in 
firesh water, and so far agree with Mr. Theobald's conclusions, derived chiefly from a con- 
ndaration of the shell-&una, that there are no traces of any estuary or brackish-water 




to have changed far less in the lapse of time than the Mammalia. The Pangihura teeta, 
and probably two other species (not yet known to occur in the Sevaliks proper), have 
then continued to exist unaltered, from the time of the Sivatherium, Mastodon, various 
ElephanU, Hippopotamus, Colossochelys and others, down to the present time. The 
chanses in the conditions of climate, <&c., may not have been great, and if the species of 
reptiks survived these changes man surely would have been able to do the same, had he 
existed at that early date. That he did so exist, and that he was a contemporary of the 
Colossochelys, as Dr. H. Falconer suggested long since, we have no reason to doubt, idthough 
as yet we may not be able to adduce any direct proof of the fact. 

EZFLAKATION OF PlATB I. 

Figs. 1, la, lb ; dorsal, ventral and front views — half the natural size--of the carapace of a 

foesil specimen of Pangsh. tecta from newer tertiary conglomeratic beds near 
the village Moar Domar in the Nerbudda valley. 

Figs. 2 & 2a ; dorsal and ventral views of half the carapace of a recent specimen of the same 

species ; (natural size). 

Fig. 3 ... Yratral view of a right abdominal osseous shield of a species closely 

allied to, or identical with, Batagur dkongoka, Gray, from the same beds as 
Fig. 1 ; (half of natural size). 

Fig. 4 ... Portion of the sternal process of a species closely allied to, or identical with, 

7}rionyx gangeticus^ from the same oeds as the last ; (half of natural size). 

Fig. 5 ... View of a fragment of the inguinal plate of the same species as the last, «nd 

from the same locality ; (natuural size). 



Sketch of the Mbtahobfhic bocks of Bbkoal, bt H. B. Mbducott, A. B., F. G. S., 

Depy. Supt., Choi, Survey of India. 

From the descriptions of the earliest geological observers in India it has been 
known that large areas are occupied by metamorpnic and submetamorphic rooks. It might 
not appear from its publications that the Geological Survey had given to these formations 
their due share of attention. But such an inference would be far from correct : coloui^ 
maps of large districts might long since have been published, with a general description of 
the lithology and of the superficial stratigraphical features ; and specious analogies might 
have been drawn with the * fundamental' rocks of other countries ; but any such aocounto 
would be illusive without some definite judgment upon the structure and relations of the 
several rock-groups. The following notice is a brief abstract of observations made by me 
during two seasons (1862*63, 1863-64) spent on these rocks, irom the watershed of the penin- 
sula near Jubbulpur, in an east-north-east direction, to Monehyr on the Granges, a direct 
distance of more uian 400 miles. Those who have any knowledge of the difficulties attend- 
ing the investigation of such rocks will at ouoe understand that my explanations can be only 
tentative. 

The broad promontory round which the Ganges turns at Bajmahal is the termi- 
nation of a great expanse of gneissio rocks. Here, throughout its eastern extremity, for 
nearly 100 mues, the gneiss is covered and bounded by the Kajmahal Trap, with its asso- 
ciated plant beds (Jurassic), locally underlaid by other members of our Indian Stratified 
Series ; and various outliers, of irregular shape and size, of these latter deposits, pomprisinff 
our best known coal-fields, are scattered over the area to the west ; but from the Ri^jmaM 
boundary the gneiss is continuous for 400 miles to the west-south-west to where it passes 
under the Great Deocan Trap (supra cretaceous) of the Mundla plateau. From the south 
extremity of the Rajmahal Trap the general boundary of the metamorphic area extends to the 
south-south-west. Across the miiddle of the area a straight line might be drawn for more 
than 150 miles from north to south, continuously on crystalline rocks. 

Throughout the greater portion of the northern boundary (the region to which my 
observations more especially refer), and with few exceptions wherever rock is more ex- 
posed, the gneiss is m contact with submetamorphic rocks — slates, schists and quuizites. 
The exceptions are where, only very locally, the Lower Yindhyans lap on to the gneiss, and 
where the crystalline rocks themselves extend through and beyond the otherwise regular and 
continuous run of the schists. This latter case is a most important one ; it occurs in about 
the middle of the region, and is connected with an interruption of nearly 80 miles in the 
run of the schists, dividing them into two separate areas, and introducing all the doubts 
and difficulties of identification. In the western area the submetamorphics are continue as 
along the south side of the Sone valley and into the Nerbudda valley, and are throughout 
the whole extent bounded on the north by the great Yindhyan range, the strata of which 
rest totally unconformably upon the schista. In the eastern area, in Be bar, the slate series 
appears in detached groups of hills more or less isolated in the deposits of the Gangetic 
plfun; the principal of these hiUs are those of Bajgir, Kurrukpur, Ghiddour, Bheows, 
and M ah a bur. There is perhaps a presumption that the analogous rocks in the two divisions 
of this great zone are closely related, but many circumstances combine to complicate the 
qnestion of identification : in the western area Uie rooks are principally argillaceous, and the 
metamorphic products of such ; while in the east, quartzose deposits largely predominate. 
Again, this break of continuity is coincident with the eastern extremity of toe immense 
spread of the Yindhyan rocks, and thus, through a general analogy of composition, the pos- 
sibility was at first suggested (the crystalline rocks not being necessarily aU of one penod) 
that the quartzites of Raj gir, &4i,, might be altered Yindhyans. This supposition may, I 
think, be quite set aside : the Lower Yindhyans near their eastern limit rest quite unaffected 
upon the granitics ; and the most peculiar and charaoteristio beds of the Lower Yindhyan 
series are most extensively developed in this position, yet there are no rocks among the 
enbmetamorphifis of Bajgir that would even approximately represent them specifically. 
There is, on the other hand, no inherent difficulty to the general equivalence of the sub- 
metamorphic series in the two regions, in the fAct of there being much difference of 
composition at so considerable a distance. It need hardly be stated that only the leading 
relations of the rocks are to be noticed : no fossils have as yet been disoovered in any of 
them, and no detailed work has as yet been attempted. 
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The superficial relation of position^a great spread of crystalline, fringed by snb- 
metamorphic rocks — is already variously suggestive : the rival leading questions would 
be — Ui what extent are the crystallines granitic and intrusive, thus determining the pre- 
sent limit of the schists ? or, if the crystallines are in the main gneissic and themselves 
metamorphic, how far may the present limitation of the submetamorphic series as a fringing 
deposit be an original feature P No satisfactorily one*sided answer can be given : the facies 
of the crystalline rocks is emphatically gneissic (metamorphic) ; there is also ample evidence 
of granitic intrusion in the rocks of both series ; yet, owing to theoretical .scruples, 
and to deficiency of data, the residual phenomena are so numerous that no approxi- 
mately final judgment can be put forward even as to the main relative ages. It is time, 
however, that our difficulties should be ventilated. The lie of this great band of slaty 
rocks, on the south of the Gangetio valley, and followed up, as it is, by the next suc- 
ceeding deposits of the Yiudhyan series, suggests at first sight inferences as to the possible 
8utwtnitum of the great alluvial formation, as to the inducing conditions for the great area 
of erosion or of depression, and as to possible relations to the rocks on the north of the plains, 
in the Himalayan region. But, whatever independent interest these large structural features 
may retain, such speculations as those mentioned are in a great measure negatived by the 
appearance to the north of the Vindhyans in Bundelkund of a large area of thorough 
gneissic rocks; and again, in Be bar, in the small group of the Bar aba r hills, well to the 
north of the Kajgir range, we find very massive gneiss of most ancient aspect. 

I must here briefly reoall to notice some observations I made in 1856-57 in a 
neighbouring^ part of India (published in the 2nd Vol. of our Memoirs) as bearing upon 
the question before us. To the north-west of the Sone valley, and separated from it by 
the long eastern prolongation of the Yindhyan formation, there is the large area of crystalline 
rocks of Bundelkund; it is bounded on three sides by the Vindhyans and on the fourth 
by the Gangetic plains. Along the south-east border of that area there appears a strip 
of semimetsuuiorphic rocks — quartzites, limestone* and slaty strata, with contemporaneous 
trap, rising from beneath the Vindhyans. I described them as the Bijawur K)rmation. 
Ther are in many places seen to rest abruptly upon a flatly denuded suiiaoe of the gniess 
of that area. The bottom rocks in this position are peculiar quartzites, oflen compact and 
brecciated, and massive cherty limestone; but alon^ portions of the boundary the usual 
Bijawur strata are underlaid, with at least approximate parallelism, by very non-descript 
gneissoid strata. The demarcation between these and the true gneiss is, naturally, very obscure ; 
and it was not then possible to work it out; but there are locally some intercalated 
beds of quartzite-sandstone that effectually betray the stratigranhiod affinities of these 
indeterminate strata to be towards the Bijawur rocks, and totally distinct ^m the true 
gnei&s, to which they seem in the relation of an ancient superficial covering. We shall seo 
that prolraible representatives of the Bijawur rocks occur both in the Sone valley and in 
Behar; and that thus we may at least get a hint as to the relative ages of the gneiss of the 
two areas. 

A large part of the submetamorphic area of the Sone valley is occupied by rocks 
diat would wdu represent the Bijawurs — ferruginous slaty schist with quartzite, limestone, 
uid much contemporaneous trap. They are much more disturbed than in Bijawur; it is 
even probable tJiat they are affected by certain granitic intrusions. The uncertainty upon 
this and upon other unsettled points regarding their relation to the main crvstalline area to 
^e south is hirgely owing to the presence of another older series of slaty rocks in the Sone 
>r^ The Bij awur deposits are known to be somewhat fickle, but unless they are so beyond 
^ poBsible conjecture, there can be little doubt of the existence of this older series. In 
lome of the best sections, notably in that of the Re bund, there is a clear transition from the 
ooane felspathic gneiss, through well marked stages of crystalline metamorphism, into a 
*^s of nne clay-slates, with plenty of intrusive ereenstone, but in which none of the 
^^banicteristic Bijawur rocks can be recognised, where decided Bijawur rocks come in 
<^tact with the gneiss there is no such intimate relation between the two. Now that 
^ps of this ground are available there is some prospect of our being able to unravel these 
<>bsciire questions. 

The hills formed of the submetamorphio rocks in Behar appear generally as 
precipitoQs ridges of quartzite, either singly or massed together in groups. Even in the 

* The UmMtoiM of Dergoan, which I had donbtftaUy described as an outlier of the Lower Yiodhyan limestone 
^ tince been shown by Mr. F. £. Mallet to belong to the Bijawnr series. 
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latter case the inner Tallies are so deeply eroded that it is often difficult to get a sigbt of 

the softer rocks contiguous with the nard quartzite. The Rajeir group is the most 

removed from the main crystalline area ; the rocks are less altered than elsewhere ; and 

it presents the best chance of discovering the normal order of succession of the strata. 

It cannot, however, be said that the strata here are less disturbed than elsewhere ; although, 

on the whole, the strike of the ridges and of the rocks is very constant to north-east by east, 

the state of contortion could not well be aggravated short of presenting a great breociated 

agglomeration. There are some sections in wnich there seem to be several hundnd feet 

ot quartzite in regular succession. At some points also the fine slaty schists present a veiy 

wide outcrop without any admixture of (quartzite. Except very locally at tiie contact of 

the two there is no appearance of interstratification. It will presently be seen how essential 

it is to the geology of this whole region to ascertain the true order of suooession of these 

two bauds of strata. Some of my colleagues have considered the quartzite to be the bottom 

group ; tlie supposition would alleviate some of our difficulties, and there are no douht 

oases in which the schist now overlies the quartzite ; but a close examination of the groand 

does not penult me to adopt this view ; I consider that there is here but one great hand 

of quartzite normally underlaid bjr a considerable thickness of areillaoeous strata. There u 

only one spot at which these Bajgir rocks are seen in contact witn others: along the whole 

south-east face of the range (at least at the several points at which I crossed it) nothing is 

seen immediately external to the quartzites; at about a mile from the base on this side therein 

one small outcrop of massive granitoid gneiss. On the north-west side the sbhitts are verj 

generally exposed ; and at about the mi<ulle they form a wide fringe of low hiUs, on the 

outer margin of which, near Ghunsura, there is one good oontact-seotion of the schists with 

a strong mass of granite. The relation is unmistakably one of intmsion ; there are small 

protrusions and ramifying offshoots from the granite into the sedimentary rooks, and endoaing 

angular fragments of them. The general effect on the schists is very noteworthy: there is 

little of what is usually considered as hvpogene metamorphism ; the line of contact is 

sharply defined, and the schists tend rather to assume a homogeneous, trappoid aspect, 

than a foliated, quartzose, granitic one ; the granite of the intrusions has lost much of iU 

quartz. Elsewhere to the west, at Sapineri, Puttarkati near Gya, and Muhair, and in 

other isolated outcrops, these re-actions are exhibited on a much larger scale ; idob and oteniils 

are extensively wrought from the soft serpentinous rock of the converted schists ; and some of 

the granite dykes yiel4 a fine kaolin^ the only considerable u^e made of whic^ it to adulterate 

lime. 

To the south-east of the Rajgir hills the Bheowa range stands on the border of 
the crystalline area ; and further south, across the narrow valley of the Sukri, rises the fine 
hill-mass of Mahabur, well in amoiig the crystallines, and overlooking all the high hmd 
to the south. One cannot resist identifying the great quartzites of these ranges with thow 
of Bajgir; and at Mahabur we again find a tnick underlying series of fine schists. There 
are, however, considerable chanees to be taken into account : aU the rocks are more metamor- 
phlc than those of Rajgir; the quartzites are frequently full of small innate mica; and the 
schists are fine mica-schists, ^anietiferous, and often with much globular felspar, but 
still the very kind of metamorphic rock that one might expect trom the slaty schists of 
iiajgir ; and they are very markedly distinct from any variety commonly associated with 
the gneiss. Round the base of Mahabur I did not succeed in finding a section showing 
even an approximate contact with the surrounding rocks ; but on the north flank of 
the Bheowa ridge there is a fair example of what tne general relation of Uie two series 
in this region may be. At the north end of the Hurkur pass there are several fine domes 
of granite ; they are excellent instances of a form of rock that is of frequent ooeorrenoe 
all over the gneiss area ; a more or less fiiint foliation is generally traceable in it, ^sA 
it never shows any attempt to throw out dykes ; it would seem nevertheless highly probable 
that it is in some manner intrusive ; the partial foliation (as Mr. Scrope has maintained) 
being due to traction in the viscid mass. The case before us is about the best evidence thai 
could now be given in favor of such intrusion : one of these domes ooeun close up to tlio 
ridge of quartzite, and the two, rocks show distinct re-actions at the contact; the granite 
has lost its usual ooarse pOrphyritic texture ; the quartzite is more than usually charged 
with mica, and has a steep underlie from the gramte ; at the lower levels traces of the 
sdiists were observed. If the supposition that forces itself so strongly upon oUr jud^^^ 
. be correct, that these several hul-masses are remains of a once continuous formation of 
argiUaceoos, succeeded by quartzose, deposits, there could bo uo doubt left of the truly 
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intnuire chanoter of tKese sub-gneisaoid granitic masses. On the same supposition the 
features of these Behar locks, as thus far described, would fidl well into harmony with 
geodndly received notions upon the process of hypogene action, — ^that these southern 
portions of the formation, being contiguous to the main region of hypogene activity, 
hare undergone general metamorphism ; while that portion at a distance from the centre 
exhibits special and partial intrusion, with a corresponding degree of metamorphism. 

I muflt now attempt to exhibit those rock-features of the district which can 
searoely be brought within, or which would seem anomalous in, the partial view that has 
been represented. The former are encountered in the sub-metamorphic rocks, and the latter 
in the gneiss, although it seems possible to bring them under one explanation. At about 
twenty miles to north-east by east, exactly in the run of the Bajgir range, and having the 
same strike, are the small hills of Sheik hpura. They also are principally formed of quart- 
ntes in considerable thiekness. Some of these oould not be distin^ished from those of 
Rajgir; many beds are tinted red, a feature not noticed in the Raj gir rock; and on the 
toathem rid^ there are schists distinctly intercalated with the qoartzite. But the fact 
most irreooncileable with the view taken of the Baigir series is tnat these Sheikhpura 
qnsHadtes are certainly bottom-rocks. Along the whole &ce of Uie ridge over the town they are 
admirably exposed in contact with a coarse granitoid rock of very doubtful aspect. It is 
10 thoroughly deeomposed and so massive that one miffht readil jr fail to detect its true character. 
The quaHzite, too, is steeply ^inclined against it, uie b^ m contact being of abnormal 
texture, and in a manner amalgamated witii the surface of the rotten pseudo-crystalline 
roek. Hie section, however, at once reminded me forcibly of those I haa seen eignt years 
prevkraslyat the base of liie Bijawnr series in Bun delkund. This conjecture made at 
Sheikhpura was fuUy confirmed ten miles further on in the same direction, where some small 
hills appear on the banks of tiie Kiul close to the railway sti^on of Luckie serai. The 
northern hill is fbhned of a coarse oonglomerate, lar|B;e and small sub-angular pieces of 
quartdtes (I notioed none of orntalline rooks) in a matnx of gneissose schist ; the dijp is 
iff to south. Tbe soathem hill, only adx>at SO yards distant, is principally formed of an 
siBorDhoas poeQda*gxanitic rook ; bat in it also strin^p of abraded detritus can be detected. 
On the south side this mass is overlaid by quortsites of precisely the same description and 
in the same manner as in the section at Sheuchpura. This section at Luckieserai most 
strikmgly ressembles some in Bundelkund, 400 miles to westward ; and the rocks are jso 
peculiar that whatever else is doubtful in tlie Behar region, I am disposed to regard it as 
fixed that the Lnokieserai beds are strictly geolo«cal representatives of the Lower (or rather, 
Infin) Btjawurs. Now, the question is, can these belong to the same formation as the Bajgirs P 
There an several suppositions possible : I may have mistdcen the true order of the rocks of 
Baigir, but this I am least inclined to admit; or, the real bottom rocks may not appear 
anywhere in the Raj gir sections, the junction at Qhunsura having cut through them; or, 
both ms^ be bottom-iooks in their separate localities — how £ir are we at liberty to impose any 
fixed oraar upon the deposits, especially as the Bijawurs, which are in a manner our 
standard of comparison, are known to be most changeable on the same apparent horizon. 
Asif to dose this last mode of escape, or to push it to Uie uttermost, there occurs at Bichua, 
within two miles to the north-east of Luckieserai, a considerable hill, much larger than 
those just noticed, composed entirely of fine ferruginous schists, exactly like those of 
Bajgir or of Muhair; it is quite isokted in the alluvium. There still remains to be 
tried the supposition we found necessary in the Sone Valley— the presence of two distinct 
series, but more or less resembling each other in general metamorphic condition. To apply 
this supposition in the Behar region brings us into difficulties with the gneiss of the 
main crystalline area : in the Sone district the Bijawnr representatives would certainly be 
the jfOKAffer of the two series there present; and in Behar, too, from what has been so 
&r stated, we should start with the same view; but here we find ^at the series which we 
We independently assimilated to the Bijawurs identifies itself most closely with at least one 
cominon form of the great gneiss of Bengal. 

The Kurrukpur hills form the largest of the Behar groups. The general features 
»e very similar to those already noticeid ; steep ridges of quartzite rising from the low 
ground on all sides. Schists occur abundantly within the range. The oontortiou of 
the strata is excessive, just as in the Bajgirs. Qneiss appears close to the base on 
the east and south sides ; and on the west and north granitic crvstallines occur within 
short distances. The G h iddou r range lies to the south-west of the K n r r u c k p u r s, between 
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tbem aud the Bheowa ridge; here also the general appearance is similar to that of tbe 
other principal hill groups. 

Upon these general considerations of similarity of structure, position, and to a great 
extent of composition, one would not hesitate to suppose the rocks of all these eastern groups 
to belong to the same formation as the Raj girs &c.; it is the conflicting evidence of the bottom- 
rocks, as already noticed, that would suggest a doubt — ^in the best sections I have seen at 
the base of the Kurruckpur and Ohiddoar hills, the rocks near the gnat quartrites 
resemble those of Luckieserai. Although it would still be possible that there are two 
series of equal magnitude, and so closely resembling, yet quite distinct, the presumable ud- 
likelihood of such being the case would quite outweigh all the difficulties to their complete 
identification ; and it is only on the supposition of the sections to whidi I allude proving 
deceptive that I would venture to suppose there being any separation at all among 
these rocks, further than what may exist between the groups described in Biiawor 
to which I would then consider them paialleL The case I would explain is well exhibited 
at the east end of the Gh id dour range : for some distance a low flanking ridge follows the 
curve, and close to the base, of the great cliff of qnartzite ; it is principally formed of a coarse 
schist-conglomerate, sub-angular pieces (some are six inches across) of quartsites undistingoi^h- 
able from those of the diff, even to the peculiar innate mica ; still the rock is thoroughly 
metamorphic, with the pebbles firmlv soldered to the matrix. The underlie of this rock here is 
30** to 50° westwards, thus apparently underlying the rooks of the range above. At the south-* 
east angle, however, instead of following the run of the range westwards, it trends awav to 
south and south-east, with very low dips, and completely identifies itself with the similarly 
arranged gneiss, schist and subordinate qnartzite that cover so much of the low ground. 
I have littie doubt in identifying these rooks with those at Luckieserai ; and it appears to 
me more than doubtful that they trulv underlie the Ghiddour quartxitee. There is ample 
evidence on record of younger, apparent! v passing under older, deposits; and without involving 
the inversion of either. On the strong^ of their much more advanced type of metamorphism, 
these gncissic rocks 'at the base of the Kurruckpur and Ghiddour ranges have been 
considered altogether more ancient than the rocks of the hills ; but if the suggestion now 
made be confirmed, that order will have to be completely reversed. 

The same conjecture occurred to me from an independent point of view in the 
neighbourhood of Mahabur. Within about a mile of the east end of this ridge, right in the 
axis of its strike, we find these associated layers of tough mica-schist, hornblende-schist, 
gneiss, and subordinate quartzite, covering considerable areas at low undulating angles of 
disturbance. I was quite unable to conceive how such rocks could have been where they aie 
at the time when the great quartzites were so intensely plicated, and the schists below them 
received their steady cleavage. The foliation of the Mahabur schists is cleavage-foliation ; 
that of those other rocks is strictly lamination-foliation. This mechanical objeotion iB at 
least as valid as the chemical one to which it is opposed, and which would deiennine the 
relative ages by relative metamorphism. But, indeed, there is little to choose between on 
this score here, for the Mahabur schists are often g^eissose, containing mnch felspar* 

In connection with this question of relative ages, it is necessaiy to notice the 
structure of the ranges as related to their distribution. Their isolated positions are not 
simply due to denuaation : it is certain that the matter removed from between them at 
their present common level consisted in great part of crystalline rock. Uniform as is the 
general strike of the ridgcK, the termination of the ranges does not present a serrated front ; 
the quartzites of the outer longitudinal ridges are bent round in a sharp regular curve, form- 
ing a continuous ridge of equal or greater elevation at the curve, with a precipitous external 
face, and generally an equally regular converging internal underlie. This feature is morp 
especially well marked on the eastern aspect. In the larger groups there are internal 
features of the same kind ; the contortion presenting a two-fold system of corrugation, one 
of which (the easlrwest one) greatly predominates, producing the marked longitudinal out- 
line of the ranges. The cleavage and its foliation in the schists have been observed to foUow 
these same curves. It was parUy upon this evidence in the Bajgir group — ^thatonecan 
walk from any one ridge to any other without crossing a band of the schists which appear so 
freely in t^e enclosed valleys — ^that I inferred the supraposition of the quartzites. The 
drainage of these internal valleys does not take place endways, but by narrow gaps cat 
throu^ the longitudinal ridges of quartzite. Outside the hills granitic rocks are sometimes 
seen in front of these abrupt terminations of the quartzite ranges. Thus it would seem as 
if the existing masses of the sub-melamorphic rocks had occupied areas of locally gi-oater 
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depmsion at the time of the first great fipnmitic invaBioKi ; and that to this we may owe 
their ultimate preservation as hill ranges. The feature is well exhibited in Mahabur: the 
txis of the range would strike up a reach of the Snkri, and on each side of the river there 
is an elongated oval of g^nitoid rock, as of denuded domes. The characteristic arrangement 
of the doubtful gneissic rocks is also better shown here than anywhere I could mention : 
they appear as regular concentric coatings to the granitoid masses. The area on the south 
is less elevated, and the diverging dips of the covering rocks range from 6° to 20** ; on the 
noithem area tibey are much steeper as if exposed lower down on the sides of the mass they 
en?elope, but the regularity of the encirclmg ring is unbroken, and of the same description 
of rock as on the south, but in thicker masses. Upon the usual evidence of regularly alter- 
naiiiig stratification of highly contrasting materials, it is not, I presume, to be questioned 
thst these are true detntal accumulations remineralized ; and it might, I suppose, be 
maintained on the strength of some misunderstood prooess of hypogene intrusive action that 
they may have underlaid the Rajgir formation; or it might even be said that the strati- 
graphical features of the Mahabur region suggest such a relation. But from the evidence 
before us^ I confess to a preference for the contrary supposition : it would require that afler 
the great disturbance and metamorphism of the Kajgir series the wnole area was 
denuded to a much greater extent than now, and that upon the sur£Eu^ thus exposed 
these accumulations took place, probably of some arkose-like materials, very susceptiole to 
miuend reorganization. Such must have been the composition of the bottom-infra-B i j a w u r s .^ 
In this Behar area, however, there is ample evidence of a later granitic invasion : in the 
iOtttham tributaries of the Sukri there are fine sections of great granite dykes traversing all 
^e rocks transversely. This granite is very different from tnat already noticed ; it is highly 
c^stalline ; in the centre of the dyke the felspar and quartz form a coarse graphic eranite, 
with associated schorl and beauti^lly plumose mica. The view I have proposed would imply 
a prodigious relative antiquity for the Bajgir formation. 

The Yiews that have now been presented in connection with the submetamorphio 
wiies have manifestly very direct bearing upon the rocks of the great gneissic area. Suppos- 
ing the coiyecture regarding the extensive representation of the peculiar infra-Bijawurs to 
be correct, there would be four principal g^logical divisions to be discriminated and 
mapped, exclusive of all later granites, &c. Ist. There would be the gneissoid granite, 
vhich would seem to be largely j)re8ent, to be distinguished from true metamorphic gneiss. 
1 should despair of settling this* point without the extensive application of microscopical 
analysis of the rocks ; indeed it remains to be seen whether even this test would furnish 
a criterion, whether the crystals of such a rock would not assimilate more to metamorphic than 
to fdly igneous products, ^d. It is more than probable that associated with that granite we 
should find a most ancient ^eissio formation long anterior to the metamorphism of the 
^^jgirs, and possibly equivalent to the gneiss of Bundelkund. Zrd, We should probably 
fbd remnsmts oi the Rajgirs in their gneissose form. On this point there is some inform- 
ation at hand : far within the great crystalline area, near the Grand Trunk Road north of 
Bnrhi, there is an inlier of typical Mahabur (Bajgir) schists. If they always remain so 
cbaracteristic there will be no difficulty in recognising^ uiem. Even here they are attended 
bj the encircling ring of variable quartzites, having high converging dips towards the 
schists, which occupy the lowest ground in the neighbourhood on the banks of the Barrakar. 
The quarizites form a narrow ri&e round them, and would belong to our next division. 
^A. There would be the hypoQietacal infra-Bijawurs. The establishment of this series 
would probably relieve our field work of some perpetually outcropping difficulties, especially 
in the shape of isolated, discontinuous runs of quartzites and breccias. But apart from these 
iQore characteristic beds, I could not now assign a lithological criterion for this series gen- 
erally : as has been seen they even simulate granitic masses. Great irregularity and disoon- 
tinaity is one of their features ; although frequently presenting excessive contortion, as if when 
canght between two resisting masses, they are generally comparatively little disturbed ; and 
what disturbance they exhibit seems to be largely determined in direction by local drcum- 
stanceg, resulting ingieat irregularities of dip. In Bundelkund, where they were first detected, 
these beds seem to have but little extension ; but in Bengal they seem to qccvl^j large areas : 
I have observed rocks of this description in far distant loc^ties of the great gneissic area. 

Januaty 1869. 



* At a moK Kcent iMnllel for snob kind of depotita. I would refer to the HeUpathic beds of the lower Vliidhyanfl 
«• exposed in weatem Behar, to south-west of Kutumbeh. 
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Prelimiwabt Notbs on the Geologt op Kutch, Wbstebn India, resulting from tbe 
examination of that disfarict, now in progress, bj the Officers of the Geological Survey, 
by A. B. Wynne, P. G. S., Ac. 

The detailed examination of this province has been long looked forward to with interest, 
u promising to cast light upon the geology of other parts of India where fossil land 
plants simiuur to some of those occurring m Kutch have been found to characterize an 
extensive group of rocks and are almost the only fossils which those rocks contain. 

These plants were known to be associated in Kutch with a larse number of marine 
fossils, the Jurassic age of which was determinable, but the relations oetween the beds con* 
tsining forms so distinct had still to be ascertained. 

With this view a hasty visit was made to the district of Kutch by Mr. W. T. Blanford 
of the Geological Survey, in 1863, and the conclusions to which his observations led appealed 
in a short paper among the publications of the Survey. (Vol. VI, pt. 1.) 

Except this comparatively recent paper other sources of information regarding the geolos y 
of the country, prior to the present investigations, were almost limited to a paper by Captain. 
since Diajor, Grant, read bemre the Greological Society of London in February, 1837 ; some 
remarks upon it by D^. Carter in " Geological Papers on Western India" published by the 
Bombay Gt>vemment in 1857 ; a record of some fossils by Colonel Sykes (Geological Society, 
London), and an interesting notice in Sir Chas. Lyell s " Principles of Geology," describing 
the effects of the earthqu^e of 1819, the elevation of the *' Allah Bund," and submergence 
of Sindree village on the Bunn, north of Lukput. 

Of these Captain Grant's paper b the most detailed, but while it contains many 
nloable facts, several of these seem to have been affected to distortion by geological theories, 
or views, which have vanished since he wrote, and also by a misappreciation of the stratigra- 
phic ammgement of the rocks. The four or five-fold sub-division adopted by him, being 
natural, is correct, though the sequence was mistaken. 

The Rocks classifted. 

The following may in^cate the ultimate arrangement of the larger rock-groups, some of 
the newer ones bemg perhaps capable of further sub-division : 

r Blown sand. 
Recent and Sub-recent ... < Alluvium. 

(.Concrete. 

r Tertiary beds and 
TsBTiABT ... ... < Nummuliticdo. 

CSub-tertiarv* 

Stratified traps and Intertrappean. 
TnttAMrn f Uvver Juraasic (P Rajmahal.) 

tlUBABBic ... ... ^ j^^y Jurassic (« Dogger," or Middle Jurassic.) 

Intrusive Traps. 

[The syenite of Parkur-Kuggur, Kafinjur hill, &c., at the north-east eomer of the 
Rum might be added to the above as the nearest base known for the Jurassic rocks.] 
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Of these the two Jurassic ^oups appear to have been transposed by Captain Grant under 
the names of '* Older and Newer Sc^ndary." The traps were looked upon as ahnost solely 
intrusive masses ; their interst/atification with aqueous beds being indicated at some places 
where association merely occurs, and at others where intrusion between stratified aqueous rock> 
takes place. 

LOOALITT AND FeaTUBES. 

The province of Kutch lies upon the west roast of Hindnstan, about 400 miles north -wcpt 
of Bombay, between the sea-ports of Kurrachee and Surat, or the provinces of Kattywar 
and Sind. 

It is bordered on one side bv the Arabian Sea and Gulf of Kutch, while npon all others it 
is isolated from the main land and the Thurr or little desert, by the grand and smaller 
Runns which are connected at the eastern side of the province. Its length from east to west 
is much greater than its breadth,* and, including the Runn, its area is estimated as bein;: 
equal to about half that of Ireknd.f 

The whole province presents numerous alteniations of hilly ground and open plains, 
sandy when covered by the detritus of the rapidly decomposing JuiBMic rodca, and mort> 
earthy when underlaid by the Tertiary formation, both passing, towards the southern coast, 
into broad alluvial plains of ordinary Indian aspect. 

The hills are perhaps as often clusters as extended in the form of ranges, though these 
latter do occur ; and more or less continuous escarpments rising with the outcrop of some of the 
stronger beds ore very freouent. A broken chain passes nearly east and west through the 
Runn islands of Putchum, ithurreer and B^la to Chorar, (in the former being flanked by a 
smaller range) : — another borders the Runn on the north side of Kutch Proper : — one, called 
the Charwar range, runs east and west to the southward of Bhooj, tiie capital of the province: 
and there are lesser ranges in other parts of the district, with nuiny clusters and isolateil 
hAls frequently conical in form. 

The hills of the Wagur or eastern side of the district, take no definite direction. Thej 
are the denuded remnants of what would have been a somewhat flattened and rollixig dome 
shaped mass if their strata were continuous instead of having been extensirely operated 
upon by denudation. 

There are no lofl}^ elevations in Kutch ; that which is reputed to be the highest, namely, 
Dhenodur hiU, overlooking the Runn on the western side of the province gfiving a measure- 
ment (by Aneroid) of but 1,070 feet above the Runn ; several others, however, have elevations 
not greatly less.^j; 

Nearly all the ranges and many of the hills are steeply scarped on the north, and pa^s 
by gentle slopes into the plains to the south as a conseauence of their structure, the beds in 
general having long southerly inclinations at low angles from three parallel lines of disturb- 
ance or dislocii£ion which extend, 1st, from Putchum Isle to Chorar ; 2nd, from Lukpnt» dong 
the south edge of the Runn, to Doodye towards Wagur ; and 3rd, from near Roha to the neigh- 
bourhood of Butchao, passing at the northern foot of the Charwar hills. North of these 
lines, and just in their vicinity, the beds are much contorted, their highest inclinations being 
always in a northerly direction. 

The trap hills, particularly those formed of intrusive traps, are frequently surrounded 
by precipices, or else sharply peaked ; an irregular range, however, formed of, or capped by, 
the bedded traps, running north-west from their broadest development in the Dora hills near 
the centre of tne province out through its western half, follows the usuid rule presenting 
long slopes upon liie dip and steep ones along the outcrop of the beds. 

The northern side of the province, generally speaking, has much diversity of form, being 
often picturesque, while, owing to the absence of jungle and prevalence of sand, its aspect is 
nevertheless barren ; particularly when the view lies across a parched and glaring plain edged 



* Aceordin^ to Captain Grant the extreme len^h is abirat 180 miles, and extreme Mdth 60. 

t * Kutch SeleoUona,' a collection of papers by variooa Britiih Offlaiala, published by the Bombay Government. 

1 Slnee writing the above, the hefsht of a moontaui in the F.inn island of Putehum has been taken by Aneroid 
and found to exceed bv some hundreds of feet any elevation measured in Kutch Proper. Dhenodor hill .ii not a 
volcamo— see paper by Mr. Blanford, above menHoned. 



PART 3.] Geohgjf of KuicA, Western India, h*d 

by rugged liiUfi, lidyond a bright green batch with a few lonely pahns, or other trees, near 
Koiue vifiage where wheat is laboriouBlv cultivated with the aid of irrigation, and Hmoky cloads 
of sandy aust, raised by passing cattle, are driven before the northerly blast, from which 
those working at the wells shelter themselves by screens. ' 

The peculiar bare, level and extensive plain called the Bunn of Kutch is not a marsh, aa 
represents upon eome maps. It is periodically covered by water during the rains, and left 
diy, except a lew patches, shortly after they have ceased ; when those lower portions on which 
the water has lain the longest become strongly inorusted with salt , — this frequently extending 
as iar as the eye can reach : — its dazzling surface flickering in the mirage, which magniiies or 
distorts any object that may happen to be upon the horizon. The source of the salt is 
probsbly from sea water, this being said to overflow the Runn, entering bv the low ground 
at the mouth of the Koree river near Lukput, and also at the head of the Gulf of Kutchr 
when the sea on the coast is raised by the continued south-westerly monsoon winds.* However 
this may be, the waters from Kutch itself are strongly impregnated with salt derived from 
the roc'kH, great quantities of which in solutiou must be carried out to the Hunn when- 
ever Uiere is sufficient rain to fill the rivers. 

Although the incrustation is not very thick, being generally from one to two and a half 
uifihes, the quantity occurring on the Bunn is enormous, and the way in which fish, insectti 
and such organic remains brought in b^ the sea or down fi*om the land by the Bunass and 
other rivers are preserved by the salt is evidence of the strength of the solution, if that were 
wanting. 

Notwithstanding that traces of marine denudation are slight and scarce along the 
southern shore of the Bunn,- having been probably removed by subsequent atmospheric action- 
iU whole aspect strongly suggests its being a gradually raised sea-bottom ; a broad and 
slightly elevated tract called tne Bunnee, lying along its southern side between Putchimi 
Isle and Kutch Proper, being very possibly a bank or bar formed by the rivers which flow 
from the higher land in that direction. Over this tract coarse grass, a heathery looking tufted 
plant and B&bul trees are irregularly dlsti'ibuted. 

Some of the results of the great earthquake by which this country was visited in 1810^ 
are still to be seen in the fallen walls of several of the towns, in the " Allah Bund,"t a low 
elevation, thrown up by it, which is said to have permanently arrested the southward flow of 
the water of the ICoree or eastern mouth of the Indus, and in the submerged village of 
Sindiee on its left bank; part of the ruins of the fort only being visible above the mud, 
salt and water by which they are now surrounded, no other trace of the village remaining, 
ind the basements of the building seen being buried in the silt 

Tradition has it that this was formerly the site of a large city surrounded by villages 
and fi^ds, and to which the tidal ebb and flow reached : subsequently (from elevation of 
the land probably) the river became so shoal that boats could not reach the port ; the 
c ity was in a great measure abandoned, and another Sindree built several miles further down 
the river at a place called Sindu on the map. Here the same thing recurred, and Sindu 
was deserted, a new city rising at Luknut, once an important place, but now consisting of 
a few houses in one end of the wallea in enclosure. At present boats cannot come even 
so fiitf as this, and Lukput Bunder is at a distance of three or four miles, while the sea trade 
is conducted at Kotaisir close to the old mouth of the Koree riyer. How far the first part 
of this statement may be true is involved in considerable uncertainty, but it is said there are 
npoords iu the IhtJXier at Bhooj which would prove the accuracy of some portions of it at 
all events. 

Jurassic bocks. 

The Jurassic rocks occupy a large portion of the northern half of the province extend- 
in» tiirongh it almost from end to end, and also forming the hilly parts of the Bunn islands 
b^re mentioned. The bold scarps and rugged hills exhibit numerous fine sections, showing 
plainly the structure of the country through which, notwithstanding repeated rolling undu- 
utions of the beds and some very mark^ anticlinal flexures, many recurring southerly and 



* It does not appear |p 'what extent this has been proveO, (bough from the sispcct of part of the coast, 
It t^ems Ultel/ to be the case. 

t MottAd of God, 
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6oath- westerly dipR place the lowest beds' along the north side of the district, except where 
a great favdt coinciding with the northern foot of the Charwar range causes them to re-appesr 
in its centre. 

These lower Jurassic beds consist mainly of gray, blue, red and black shales, thick and 
thin light-coloured sandstones and hard siucious nags, with some more calcareous yarietieg, 
and in some places quantities of dun-colored and gray compact earthy or sandy limestone. 
Pale-purple sandstones and some highly ferruginous bands also occur, the whole presenting 
80 many varieties of color and kind tnat its general lithological aspect is seen to differ from 
that of the uppermost Jurassic rocks, sufficiently to warrant an attempt at snb-diviston, 
only by regarding the ^up as a mass and leaving details aside. The passage from the 
lower beds to the upper is so gradual that no very definite boundary can be assigned between 
them. Still there is a difference at the extreme ends of the series which would at opce 
prevent their being mistaken for each other, and which, it is supposed, led to their sepanticm 
into two groups by Captain Grant. 

Owing to the numerous faults, undulations and the general lowness of their dip. the 
thickness of this great series of Jurassic rocks is difficult to determine with accuracy, but it 
has been assumed, from observationB in the part of the district lying eastward of iBhooj, to 
reach from 4,000 to 5,000 feet, of which measured sections of over 2,000 feet have been 
made in the lower portion of the group ; and there is no reason to suppose its aggregate 
thickness to be less in the western side of the province. Throughout this large aocnmnls- 
tion of stratA there is a marked absence of regular zones, indicating successive stages of 
deposition, and while in such an assemblage of coarse sandstones and muddy shales with 
frequent conglomeritic beds much constancy of lateral extension might not be looked for, 
and marks oi succeeding zones be probably obscure or absent, no want of material seems to 
have existed to supply new or similar layers for those which may have died out. The whole 
formation, particularly in its upper beds, maintains the same characteristics of obliquely 
laminated strata alternating with finer and more parallel deposits, all of richly varying tints, 
from black to white, blue, red, orange, brown and gray, and sometimes ^'een with a peculuur 
gulden oolite among the lower rocks which glistens like avanturine. 

The lower beds on weathering take frequently a rusty color, and dull olive tints are com- 
mon, while, where the beds are highly calcareous, a whole mountain formed of them with 
rounded outlines and a whitisli hue m suushine looks cool, and in cloudy weather a« ^J 
as any granite hill. Thick bands of a warm orange tondy limestone with some red bedti 
occur also in the lower rocks, and many of their shales are gypseous. 

The upper beds are marked by a predominance of clean white gravelly sandstone with 
some blackish ferruginous bands and white or lavender-gray, sometimes highly carbonaceous, 
sliale. Between these and the lower beds alternations of almost every variety of rock in 
the formation occur, ranging through a vertical space equalling a third of the total thickness 
if not more. Many of the beds in both groups are strongly saline. 

The lowest beds are much the most fossiliferous, and the remains are chiefly marine, 
including Ammonites, * Pleurotomari^, Ostt^ea, Trigoniat CucuUaa, CorM-a, Ghyp^^ 
Modiola, Terehratula, and numbers of other bivalves, JEchinida, Crinoids, Coral*, Bdm^^^ 
fish teeth, reptilian bones, and fossil wood. 

In one certain and one>or two doubtful instances some of the upper beds of this lower 
and marine series were found to contain impressions of (terrestrial) ZamuB in shaly ^*^^IJ°^*5' 
))osed between the marine shell-bearing beds. During the examination of Eastern Kntcli, 
the most exhaustive search that could be made failed to find any thing among the upp^ 
rocks except these Zamia and a few other terrestrial plants, but in the west, in a f«^ f***^ 
some marine fossils have been obtained from single beds occurring amongst unfiwamf^"* 
strata of the upper portion of the rocks, but still below the uppermost (white) beds aeen. 

This alternation or intercalation of the marine and freshwater beds (presuming tbwe 
containing ZamuB to be of purely freshwater deposition) being one of the points ^^^ 
attention was specially directed, it is satisfrictory to have so far asoertained the w^ *^ 
many months of close search, even though such alternation appears to be much more "^^!f: 
' han was supposed, unless it is taken for granted tibat the numerous fi*agmentary graf*-» 
i)lant remains so common in tlio shales and flaggy sandstones throughout the **''^*^ 
a e of freshwater deposition also. Many of these nave been searched over and over aff* 
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withont a trace of a Zamia leaf being found, and there seems to be no more reason forsnppos- 
ing them freshwater than some other beds in which ammonites occur lying among a mass of 
Te^;etable remains, the woody fibre of which is generally distinguishable, though often 
obhterated by carbonisation. 

Such intimate association of the ZatnuB with marine forms has not, it is true, been dis- 
covered, but nevertheless it may not be unreasonable to suppose that these plants were floated 
out from land, and deposited by the sea at depths unsuited to the marine life of the period or 
at localities where this was from other causes absent. As Mr. Blanford has observed in the 
paper above mentioned, ' no sudden change in the rocks nor any unconformity has been found 
to nark the transition from a salt to a freshwater period ; ' and while it is evident that land 
plants may be carried out to sea, though mai*ine organisms cannot so readily find their way 
loto freshwater deposits, it is easier to believe that the whole of these salt Jurassic xooka 
are of marine origin than that repeated alternation of fresh and salt water beds takes place 
without any marked difference of character or aspect occurring in the rocks. 

It may also be observed that^thoug^h there are but few evidently marine beds, and these 
not inmiediately associated with Zamia-bearing rocks in the tipper part of the Jurassics 
seen, still these Zamia beds contain plants only, no freshwater shells, fish, nor animal remains 
occurring to contest the possibility of the contuning rocks being of marine or perhaps 
estnarine formation. 

Great as is the thickness of the Jurassic beds, it is that only of a portion of the group 
the base of which is not visible, and the upper beds being unconformably overlapped by the 
Bedded Trap, they may continue to increase in quantity beneath the latter much further than 
they can be observed. There are, however, some appearances, along their uppermost boundary, 
which nuiy be slight indications that the Jurassic period was drawing to a close, and that 
the deposition of rocks much resembling some of their upper beds ushered in the commence- 
ment of the succeeding unconformable tertiary group in those places at least where this 
accession was not interrupted by the accumulation of the intervening Bedded Trap. 

Traps. 

By far the largest part of the tanp rocks is referrible bo^'ond a doubt to the 
nme period as the vast stratified accumulation known as the Deccan Traps. Some of the 
lowest flows arc very thick, presenting few or no traces of bedding for more than 100 feet, 
bat further up this is as plain as all the other appearances, such as beds of red bole, alterna- 
tions of amygdaloidal and columnar basaltic flows, presence of zeolites, and so forth, which 
characterise the formation elsewhere. The trap is sometimes magnetic, and among its lower 
beds ashy sandstone or calcareous bands occasionally exist. In one place near its local 
\mae an interstratified bed of friable red sandstone 30 feet in thickness was observed, and in 
another a small lenticular deposit of intertrappean calcareous rook containing small fish 
scales.* 

The flows or beds have a low steady southerly or south-westerly inclination, forming a 
wide hilly belt through the centre of more than the western half of the province, but their 
deposition does not seem to have extended to the place occupied by the eastern extremity of 
the district The thickness of this formation is much less than usual, being estimated at 
about 2,500 feet. 

An obscure sroup of earthy sandstones formed largely of trappean materials, oflen 
indistinctly bedded ana containing woody plant impressions, occurs in several places, having 
but indefinite relations to the &wer part of the Bedded Traps, but resting quite uncon- 
fonnablv on the Jurassic rocks and often closely associated with masses of intrnsive trap near 
which also white sandstone is often strongly columnar. 

The iiUrusive trapt'—oooxa chiefly in the Jurassic area, and probably mark some of the 
places firom which those just mentioned issued. 

They consist generally of augitic or basaltic traps varying in color (diflerent black and 
grayish hues), and in texture from a dose compact rock to one coarsely crystalline, the crystals 
of glassy felspar being interlaced, and the deeply weathered sofl lignircolored surface taking 

* Within th« Ust few days information hu been obtained of the discoTcry by Mr. Feddon of intertrappean beds, 
rontaininff PAfM PruugpUt in the western extension of the trappean formation, fuinishing atiU farther proof of 
tbc identity of theec with the Deccan Traptt< 
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much the appearance of a ayenite in similar conditioui Fine muddy-looking or ashy trap, 
weathering to an olive-green minutely divided detritus, is another variety. Some of the 
dykes, <&c, are of fine-grained purple coloi'ed trap, with white steatitic specks, a soft earthy 
dr lava-like texture, are much less dense than the varieties abovementioned, and are some- 
times salt to the taste. 

With regard to the manner in which all these intrusive traps occur, nothing could well be 
more varied : dykes are particularly numerous in some localities ; they also occur lq 
faults, while local intrusions form hills projecting from the plains and Jurassic broken groand, 
like knots in decaying wood. In such cases, their outlines are either conical or combinations of 
this with steeply scarped forms. Some intrusions range through the country for many miles, 
presenting the most irregular lines both in plan and elevation, cutting across the aqueous 
strata, including large masses, intruded between them or forming hills either capped or under- 
laid by the Jurassic beds, or both one and the other, these being altered by the contact into 
various kinds of porcelainous or quartzitic rock, while one case occurs where a whole stream 
section of the aqueous rocks seems to pass by gradual intensity of alteration into solid trap 
in which planes resembling the original bedding can be traced for some distance as if the 
strata had been melted in sttu, no marked difference of texture however existing in the trap, 
although the stratified rocks consist of alternations of calcareous sandy and thin slialy 
bands.* 

Other instances occur in which sandstone seems to have been completely melted and 
taken up by these traps ; the matrix havinj^ yielded first and the quartz fragments and grains 
gradually oecoming more separated and disappearing until they ai'e quite lost at a very short 
distance in the dajra trap. This can be seen m hand specimens. 

Generally speaking, these large intrusions have an intricacy of ari'an^ement forming a 
tangle which defies all effort at accurate representation upon a map of small scale, and some- 
times their basaltic trap is so magnetic as to deprive compass bearings taken from these 
points of any value, the variation being of inconstant amount. 

StTB-TEBTIARY OBOUP.f 

As already stated, the Jurassios or Dogger k>eds of Kutch, consisting of a calcareous or 
sandy and shaly marine series below, passes upwards into alternations of more ferruginous 
and more purely argillaceous and arenaceous beds, — in which land fossils (Zamise, Ferns, Slc) 
are either rare or locally numerous, — these forming what are at present considered an 
npper member of the same group. At some period subsequent to the Jurassic, not clearly 
marked, but arguing from local as well as distant sources of information (in the Deccan and 
at Bombay), probably an early Tertiary one, the volcanic activity which pi-oduced the Bedded 
Traps came into operation. Observations here only show that traps were extensively in- 
truded through the Jurassic rocks, and ihat other traps, very probably oonnected with these 
as centres of eruption, constitute a thick series resting with marked unconformity upon the^ie 
Jurassic strata. 

But overlying the Bedded Traps and, where these are absent, the rocks upon which they 
rest, is a marked band of most peculiar aspect, having, in contact with these traps, a very 
volcanic appearance, but one entirely different from theirs. Its predominant colors are deep 
red and pure white, but it is finely varied with purple, orange, greenish, brown and black 
or blue tints, even brighter and more strongly contrasted than those of the Jurassic beds. 
Its lowest stratum in junction with the uppermost of the trappean flows is a curiously 
mixed and mottled one, brecciated, concretionary on a large s^e, in places containing 
small white quartz grains, but generally consisting of a pure chalk-white or variegated 
purple and lavender, unctuous, argillaceous, rock occasionally saline and speckled with white 
kaoun patches, giving it the appearance of an amygdaloid, sometimes to such a degree that 
it becomes undistinguishable from the purple trap found in several dykes among the Jurassic 
rocks. 



* This pMHige u it wer« of stratified into introslTe amorphous rock is so verj peoali&r that it may perhaps 
be deceptive. A place where the alteration of the beds ceased laterally and the trap might be said to oommanee was 
sought for in vain, and the lines which may be, or st least simulate^ original straiifleation appanntiy continuoos with 
those of the unaltered bedded rock cease to be traceable beyond a few yards into the trap. 

t The name Sub-Tertiary used here is only provisional. An examination of the fossils will probably cause it to 
be altered for another. It merely means that the beds are below the highly fossiliferous Nummulitic and other 
Tertiary beds though above the Bedded Traps the Intertrappean beds of which are believed to be of Lower 
Tertiary Age. 
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Along the line of jnnotion with the underlying Bedded Traps their uppermost kiyer is 
very oonmuHily a greenish amygdaloid, also more or less generally concretionary, rusty or 
decomposed looking ; instances occurring in which the concretions of the mottled rock have 
been Ibund to exhibit an apparent passage towards their centres iirom one Tariety to the 
other, the cores being formed of rusty amygdaloid quite similar to that beneath. In other 
rises the lowest stratum of the mottled series or uppermost one of the trap is a pale green* 
l^b earthy trappean looking rook, not quite so concretionary as usual, with much of the 
external character of the mottled breccia, but containing yellowish ^preen steatitic amygdala. 
Where these sub-tertiary beds rest on the Jurassic rocks the peculiar brecciated white bed is 
fieldom strongly developed, but still is frequently present. 

This breccia passes upwards mthin greater or less distance, as the bed is thick or thin, 
into snarled and ponderous laterite of various red, black* brown and purple tints, either brec- 
6a^ or of the brick-like character so well known elsewhere.* Its junction with the white 
rock below often shows roviA stalactitic looking masses of the laterite vertically penetrating 
the k>wer bed all along^ the line of contact as if infiltrated from above. In the same group 
are other bands of laterite and some very coarse obliquely laminated white quartzose and 
ferrasinona sandstone containing much of the white earth distinguishing the lower layer. 
Associated with these, but not always upon the same horizon exactly, are dull purple, brown 
and black, in some pkces highly carbonaceous, gypseous or pyritous shales containing 
numerous impressions of large and small exogenou9 and endo&enauM leaves. These ooeor also 
in fine flaggy pale lavender or white beds of. the same group, but of uncertain place. 

Apparently among gypseous reddish shales of this group a thin band was found to 
eootain Fateiolaria^ Arcoy Nuetda, Cyprina and Venus, which are not, however, in such a 
ftste of preservation as to warrant more than an opinion at nresent that they may be of 
either cretaceous or eocene a^, while some bones of large reptues, including part of a skull, 
We been found in very siniilar shales and on what seems to be very nearly the same 
horizon. 

Close above these some brown flaggy sandstones containing a few shark's teeth and shells 
and occasional beds of earthy orange mudstone begin to appear, and indicate the approach to 
others abounding in tertiary fossils. 

The thickness of this group (the * Eed — ? New Red-sandstone* of Grant) varies much, from 
a mere band consisting of a few beds or only one, to a maximum, in some places, of between 
two and three hundred feet. Until the fossils have been examined, it is obviously difficult to 
ny how much of tlds group may be of Tertiary age, if indeed it be not entirely so. It 
ionu a marked basement to that series however, and where it rests upon the Jurassics without 
the intervening trap, its junction very commonly appears quite conformable, the line, however, 
being almost impossible to see when the gypseous shales of the one group pverlie those of the 
other. 

TsBnABY FORMATION. 

As the Tertiary rooks are still undergoing examination, they can be bat slightly noticed 
here, although ^ey form a large and important feature in the geology of Kutch. 

Their principal development takes place in the southern half of the western side of 
the district, where they form wide rolling plains under which the beds undulate, wrapping 
lonnd tbe western tenmnation of the Jurassic and Trap^ formations, and appearing at intervals 
alons the southern shore of the Runn, on the margin of at least one of its ishinds, and 
at a few spots in the eastern portion of the province. 

They consist, as a mass, of rubblv shales interstratified with yellow mudstone bands, 
and thidx beds of sand or sandstone. Occasionally the rocks become sufficiently calcareous 
to be called limestone, and most of those containing fossils are highly so — an agglomeration 
of shell-casts in an earthy or sandy calcareous matrix. 

Among the lower beds oysters and turriieUa are particularly numerous, whole beds 
being formed of the latter, and a flat echinus (clypeaster), being very common. 



* At some loctlUiei tai Essrern Koteh the Uterite It atsodtted with quantities of Agntes both in tOu wnd left 
ia a tUik Isfsr br its wflStheTteg down, strongly TSosUioff the appsanaos of aomt very simibr gnraniT 
■iaUsrlr sttustsd nssr the bsss of the tertiarr rocks in Oaserat. 
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At a short diBtance above the base of the formation, on an average not more and ofloii 
greatly less than 200 feet vertically, are 8ofl and harder white calcareous beds crowded with 
nummulites and fagciolitet, the former of several kinds, and associated with them are 
numerous echini^ oivalves, &c. 

The Nummnlitic beds are generally nearly horizontal ; they produce ground of gingalarly 
barren aspect, reminding one of the Egyptian desert, the white nummulites weathered 
out lyine thickly upon the surface in place of soil, and from their abounding in that neighbour- 
hood bemg called by the native Lukput paisa. 

For several miles eastward of Lukput, along the edge of the Bonn, these rocks are 
brought against the Jurassics by a fault, and having followed the low ground round the 
western limits of Kutch they disappear for a considerable space in the oountty north and 
north by east of Jackow, bat set in again in the low lands fuither east. 

In other parts of the low country, unoccupied by the Nummulitic group, highly fosaili- 
ferous tertiary rocks abound, oontainmg a large number and great variety of genera, includ- 
ing turritellat ostrea, conut, /Ustu, valuta, stnombus, tuttica, trocAus, oliva, cassis, cerithium, 
scalarium, cyprtsa, balanus, peeten ; olypeaster, cidaris, &o, i^-of Crustacea, some well pre* 
served crabs, besides large bones and great molar teeth, and very many other interesting 
fossils, complete lists of which it is hoped will herea^r appear. 

The thickness of these rocks is not yet sufficiently dear to be stated, but is considerable, 
probably exceeding 500 or from that to 800 feet. 

It seems most likely that these Tertiary beds have been deposited in shallow water 
under shore conditions and subject to causes producing great irregularity of deposition. The 
occurrence of leaf beds in the group repeats the case of the Jurassic beds with regard to the 
alternation of fresh and salt water periods, and among the upper beds the predominance of 
sands almost devoid of organic remains indicates a different state of things from that under 
which the highly fossiliferous strata accumulated. 

P08T-TBBTIiJtY. 

In several places a coarse concrete is found containing numerous fossil oysters, generally 
of large size. It appears to rest unconformably upon the Tertiary rocks, and may be an 
old member of the coast series or " littoral concrete'* of Western India. 

Other post-tertiary and superficial deposits, such as alluvium, blown sand, river concrete, 
and a rock much resembling the latter, found high upon the uanks of many of the hills, 
have merely to be mentioned, their occurrence here being in all respects similar to that 
in other localities. 

Coal is often mentioned as occurring in Kutch. Carbonaceous shales have been met with 
in several places both in the Jurassic and Tertiuy rocks, but chiefly in the former, and 
these sometimes contain layers of bright coal. This is usually very thin, forming but small 
parts of the bands quite too limited in thickness and extent (so far as known) to repay the 
cost of working. 

The largest layer, opened upon formerly at the village of Trombow, northouorth-east of 
Bhoqj, is now concealed by the workings having fallen in. 

Alum is extracted in considerable quantities from the sub-tertiary shales of Western 
Kutch. 

Iron used to be made in various parts of the province, but the manufiKture has oeased 
[n consequence of the fiicility with which Foreign iron can be obtained. 



In conclusion, it remains only to be stated that several points of interest ^?^^^^ 
passed over in this hasty sketch have been reserved for suDsequent oonsidezation in to^ 
report to accompany the map, data for which axe still being collected. 

Amongst these aie some ftcts tending to afford fbrther proof of the ^aaooB^ ^ 
aqueous depontft with the earliest beda of the Stratified Trap, and also indications tiist <d<^ 
highest flowB or beds were not mach older than the lowest Tertiary rocks, if indeed some <» 
them were not contemporaneous. 
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Hie oocurrenoe Here of the persistent and well-marked band of kterite and its associ- 
ated white clay or steatitic breccia, passing conformably upwards into the Tertiary beds, and 
less regnlarlr, bat still with an appearance of transition, into some of the bedded traps 
below, thongh differing from certain or the &cts observed in the country north-east of Surat, 
may possibly modify some of the condnsions with regard to the more obscnre occurrence 
of the same three groups, ». e., the bedded traps, kteritic beds, and Tertiary rocks of 
Gozerat, or may, at least, confirm the impression of the volcanic aotivity whi(»i produced 
the bedded traps dating from early Tertiary tunes. 

If, in the absence of fossils, lithological similarity be admitted as evidence, it may be* 
possible that some of the white feLspathic sandstones, considered as Upper Jurassic, overlying 
the Zamia-beds of Kutch, may represent some of the frequently similar looking Mahadeva 
ot Bagh beds of Central India and the Nerbudda Valley. 

The evidence for a Jurassic age comes chiefly fi:om the lower part of the series, which 
is certainly marine so far, and the occun'ence therein of a band of shale containing ZamuB 
may bear the explanation before suggested, but at present the discussion of these points b 
ihaost premature. 

AprU, 1869i 



Much interest having been excited in the history of the Nicobar Island's, which have 
iceently been taken possession of in the name of Her Majesty the Queen of England, I have* 
thought it desirable to print here a brief summary of all that is known regarding their 
^logical structure. l%is could most effectively be done, by giving a translation of the 
reports of Dr. F. v. Hochstetter, who accompanied the Ausman ' Novara expedition as* 
geologist. Dr, Stoliczka, long a colleague and friend of Hochstetter' s, has tranislated this 
report. The geological portion is given nearly at full. The part relating to the vegetation'> 
sod its connection with the soils, however interesting to those who have never seen a tropical 
T«getati<m, contains little that would be new to residents in this country; and only a' few 
extracts are given. A few remarks on springs and temperature conclude l^e paper. 

Hie ecology of the Nioobars has many points of the highest interest to the Indian geo- 
logist, as bearing on the structure of the a^joinine Andamans, and tiie continuation of the' 
same features into Burmah and northwards, on wnich connection some information will be* 
given in future numbers. T. 0. 

COXTBIBTTTIOHS io the GSOLOOY AND PhTSICAL GbOOBAFHT O^ THB NiCOBAB ISLANDS^ 

Uf Db. F. yon Hochstbtteb, (translated by Db. F. Stoliczka, from the " Voyage 
<f the Aueirian Frigate Noyaba round the world in 1857-1859. ' Geological part, 
2nd vol., pp, 83-112. Vienna, 1866). 

The Nicobar islands (PI. 3.) belong to an area of elevation which can be traced from the 
Bay of Bengal far into the southern seas. Be^nnins^ under the 18th degree north latitude in 
the group of the Cheduba and Beguain islands on the coast of Arracan, passing through the 
Andamans and Nicobars, then continuing through Java, Sumatra, and the south-westom 
groap of the Sunda islands, this line of elevation bends in an oblique S-form through 
New Guinea, to the north of the Australian continent, and forms in New Ireland, the 
Solomon Islands, New Hebrides and New Zealand a curve, concave towards the west, the small 
gnnip of the Macquarie islands being possibly c<Mi8idered as the extreme southern end of 
this curve. Winding from the northern into the southern hemisphere through 70 degrees of 
Utitade, this line, or area, is characterized as one of elevation by two phenomena, totally 
different in their nature, but nevertheless equally grand, and in certain respects related to each 
other. These phenomena are, first, the activity of the interior of the earth, showing itself in 
the volcanic action ; and secondlv, the activity of the coralline animals, disclosing itself in the 
formation of that kind of coral reefs which Darwin has distinguished from the barrier or 
iagoon reefs under the name of fringing or coast reefs. 

Both phenomena, the volcanic action with its elevatory power, and the formation of 
coast reefs, are, in certain respects, related to each other, as has been placed beyond a doubt 
hy Darwin's observations, although both do not appear together along all parts of this area. 
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In the southern extni-iropicftl latitudes, where coralline life does not exbt on that large scale, 
the volcanic action is the only marked one, and equally so in tropical ktitudes to the north of 
the equator, — where that action is locally wanting, — the peculiar formation of coral reeds must 
be considered as the principal argument for the continuation of this line of elevadoiL This 
is the case at the Nicobar islands. 

These islands occupy a gap without Yoloanoea, between the yoloanic range oi Sanatn, 
and the Barren and Narcondam islands, which lie to the east of the Andamanw. 

Whatever may be hidden in the interior of the Mcobar islands, covered with peifectly 
impenetrable primeval forests and grassy plains, the occurrence of younger volcanic rocks b 
the least probable. Although I have found on the north side of Oar -Ni cob a r, the northern- 
most of the islands, two pieoes of a porous basaltic rock, the size of a man's hand, in a 
coarse gravel in the forest near the vUlage Mus, and a larger angular fragment in the oonl 
sand on Hie strand near tiie village Saui, still there is more reason to believe that these 
fragments were transported to the ooast of Car-Nicobar in the roots of stranded trees,* 
or even that they were remains from the travelling bags of the Danish natuialistB of the 
Corvette Ocdaihea, — ^who in 1846, shortly before they landed on Car-Nicobar, visited the 
volcanic Barren island, — than that they came from the interior of the island. I have in 
vain searched for similar pieces in the s&eam- and river-gravels of Car-Kicobar, and 1 
have not met with them on any of the other islands on which we landed. 

On the other hand, the Nic^bar islands are distinctly characterized as a portion of the 
chain of oceanic elevations, which began in former geological periods and still continaes, by 
the upheaved coral banks and by the continuous formation of coral reefs, which slowly, but 
in the course of hundreds and thousands of years perceptibly, enlarge the territory of the 
islands. 

The Austral- Asiatic area of elevation, above indicated in its entiro extent, has in the 
Nioobars a mean direction to north-20^-west or from south-south-east to north-north-west, 
possessing a length of 148 Engl. (=37 Ger. geogr.) miles, and a width of 16 Engl. (=4geogr.) 
miles. This direction indicates at the same time the strike of the strata on all the i«bn(b, 
while the dip is either towards east or west. The synclinals and anticlinals in the geolo^ 
structure of the islands are thus coincident with the direction of the great geological line of 
elevation which connects the northern point of Sumatra with the group of the Andaman 
islands. 

The total area of all the islands is calculated to be 33 to 34 German (geogr.) sqnaie 
miles (equal to about 628 — 644 Engl.). 

l.-^Oeoloffieal Formations. 

To render properly intelligible the results which will be given in the following pages, I 
may be permitted to make a few preliminary remarks. 

It is at present extremely difficult to make any detailed geological observations on 
the Nicobar islands. One is hmited to the sea coast, as impenetrable forests and grassy 
plains make the interior of the islands perfectly inaccessible and hide the rocks. On 
the northern smaller island, this drcumstcmoe is of less importance, because the extent of 
the rocks through the whole island can easily be ascertained, as soon as it is possible to 
observe them on two opposite sides of the coast in the same stratigraphical relation. The 
case is different with the southern larger islands. Sambelong or Great Nicobar has an 
area of 17^ geographical square miles, and is larger than sdl the other islands put together ; 
it offers in the mountain ranges (rising up to 2,000 feet), and deep valleys, such a variety 
in the configuration of the ^und, that it is imnossible to suppose that what is to be 
seen on one or the other point at the coast should be characteristic for the whole island. 
The mouths of rivers being generally occupied by mangppove swamps, it is even impossible 
to come to any conclusions from gravels as to the rock which is to be found in the interior. 
But even on tiio coast there are great obstacles to geological investigation. Wherever the 
inquiring eye of the geologist observes promising clifte, there breakers make it generally 
impossible to land, and where landing can be effected, we usually meet only a flat coast. 

* Chamisso ineutions the tnmsport of stones in the roots of stranded trees <m the lUdek group, and Darwin giwi 
a similar example from the Kieling islauds* (Darwin's nstonl histoxy trards, part II, p* 2i2}i 



PART 3.] Hoclsieiter, Geology of Nieobars. 61 

Thus one is limited in his observaiioni to the few points, where during^ low water it becomes 
practicable to reach from the sandy shore some rocky promontory ; and even under the 
best circomstanoes I was always restricted to that part of the coast on which the frigate 
tnchored, for no amount of promises and oflbrs coold indnoe the natives to undertake longer 
trips with their canoes, neither was it possible to obtain a boat from the frigate at my 
disposal. I hope that other geologists, who may in fature visit these islands, will be more 
mooeasfiil in this respect. 

My observations were therefore confined to the following places :-^ 

1. North'Westem coast of Car-Nieohar. — A low precipitous coast accessible along 
its entire extent. Thick clay beds, with some more solia strata of sandstone, oontaininff 
Fueoidi, are on this coast overlaid by upheaved coral banks (coral conp^lomerate and ooru 
sandstone) ; these are in some places stifi in direct communication with livmg coast ree&. 

2. Southern Bay cf Ca r-Nic oh ar .^^Yitit cortl ground with fringing reeft, and at 
the breakera banks of a recent sandstone. 

3. Novara Bay on the teett coast of Tillangchong, — Precipitously rising clifis of 
terpentine and gabbro conglomerate ; at the breakers' coast reefs. 

4. Cha$mel between Camorta and Nancowry, or the Naneoiory Sa9en,^A ddeip 
transverBe deft through yellow clay-marls containing ma^esia, alternating with beds of ser- 
pentine and gabbro traps, and pierced through by serpentme and mbbro. A bng stretching 
coral reef formation exists in the channel, but coral g^und is very Hmited. 

5. The small islands Trice and Trackf north of Little Nieobar; precipitously 
upheaved ; clayey sandstone beds with imbedded pieces of bituminous brown coal ; coral and 
oonglomerate banks and fringing reefs. 

6. Pnlo Milu, — ^A small island on the north side 6f Little Nicobar, consisting of 
strongly raised sandstone beds, with flat cond ground, fresh water alluvium, and fringing 
nefi round the whole island. 

7. Island JTonif^ ^ on the north side of Great Nicolar, — Sandstone, sandy slates, 
sod beds of day-marl alternating with each other, flat coral ground of very limited extent, 
fresh water alluvium, and fringing reefs. 

8. A small bay on the northern coast of Great Nicobar, — Sandstone hills, salt-and 
brsckish-water swamps. 

9. Ecut side of the southern bay (Galathea Bay) of Great Nieohar, in which 
flows the (jalathea river ; sandstone mountains ; flat coral ground, coral and oonglomerate 
fiamation at the level of the breakere, fringing reefs ; pebbles of bituminous coal on the strand. 

These places are, with the exception of Car-Nicobar, the same as were seen by the 
Dttish geologist Dr. Bink, accompanying the expedition of the Danish Corvette Galathea 
in 1848, and were, beside many othen m the Archipelago, visited by him during a stay 
of four months, described in a special work.* 

As to scientifio inquirjr, I left the Nieobars quite unsatisfied in spite of the comparatively 
lony time of one month wnich we spent in their waters ; I know well how little my own obser- 
Tations increase the geological knowledge of the islands, for which we are indebted to Dr. Rink ; 
for jnst the grandest objects, the islands Terressa, Little and Great Nicobar remained 
forme totalfy a terra incognita. But I am conscious to have done every thing that it wns 
possible to do under the circumstances, and in this point of view the few observations I can 
oSer must be criticised. 

Car-Nicohar is a low island, the avcraj»c height of which above the level of the sea 
amounts to about 45 feet ; only two ridges, which may be from 180 to 200 feet high, rise in 
the interior above the forest covering nearly the whole island. The west, south, and east, 
cossUare flat and sandy, and the north-west and south-east monsoons accumulate upon 
them gradually higher and higher fragments of corals and shells, which pass over the 
fringing reefs surrounding the whole island. The south coast is in part swampy, only the 
northeni or rather the north-western coast, forming the shore of the bay of Saui, is precipitous, 
allowing a view of the geolc^cal structure of the island ; the section of this co&t is given 

* Die Nikobarinchen Inaeln. eine geo^raphische Sktzze, mit spedelier Beriioluiohtifrini^ der Geogriosie, 
KofM-nhagen, \i^7. (The Nicobar iBlandfl. a geographical sketch with flpecial reference to geologv). 
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iu the sketch PI. 4. Fig. l.'^Eastem shore of the Bay of Saui. 1, Loose oonl and shell- 
sand : 2, Dead coral-^nks : 3, Indurated rock-beds of aead corals and shell-sand : 4, Flas- 
fic-clay with bands of sandstone. — 

The eastern shore of the bay gradually rises from north towards south up to a height of 
about 60 feet, and includes two smiill lateral bays in which massive banks of a gray cky crop 
out below upheaved coral banks which form the projecting comers of the clin. It is very 
character. r7*ic that the boundary of the calcareous and clay strata on the surface of the coast 
terract; in at the same time a sharp limit of vegetation, inasmuch as on the clayey ground the 
cocoa-palm is replaced by Pandanus^ Castiarina and grass, forming locally quite extensiTe 

frassy plains. 1'he clay deposits, without any distinct stratification, show a cubical cleavage, 
he prevailing color is light-gray, only single bands are darker colored, others are ferra- 
ginous, containing numerous clay-ironstone nodules. The clay is a little calcareous, effer- 
vescing with aci£(. In the southern lateral bay also appears between the day beds a 
more solid stratum from two to three feet thick, and from its projecftinff pjurt lar^r 
and smaller plates are broken off. On one of these plates I observed the impressum 
of a large species of JE\lcus (Chondrites Nikobarensis, Hochst.) The strike of the strata 
is from south-south-east to north-north-west in both bays, the greatest thickness obaervabk 
in the strata amounts to 20 or 30 feet. This clay deposit on the northern coast of Car- 
Nicobar is characterised as a marine formation by the numerous Foramin\fera which it 
contains, but I did not succeed in finding any recognizable remains of Mollusea, except 
indistinct and badly preserved bivalves fPelecypodaJ.^ 

Farther towards the south, the clay beds again sink under the level of the sea, and in their 
place again appear coral banks, the precipitous coast becoming constantly higher, but at the 
same time gradually more inaccessible. On this coast the sea has washed out deen hollom, 
and the coiul-banks are overlaid by massive banks of a white rock consisting of shell and coral 
sand, and bein^ rather soft on the weathered surface. On the Areca river, tn the innermost 
comer of the bay of Saui, the plateau of about 60 feet rapidly terminates with a £aalt, and 
the southern shore of the baj only exhibits a flat sandy strand richly overgrown with cocoa 
trees, being at the same time thickly populated. Judging from a few lumps in the 
jpravel which I found on the northern as well as on the southern side, I conclude that there 
18 somewhere in the interior of the island a gray fine-grained sandstone with little flakes 
of white mica and also a compact limestone in situ. The natives use the sandstone from the 
gravels as grinding stones. 

Batty Malve is a small rocky island with precipitous shores all round. It rises on the 
south-eastern and eastern side in two terrace^ to about 150 feet. On the western and north- 
western side, it runs into a low flat diff ; judging from a distance of two or tliree nautical 
miles — ^we did not come nearer — the island is inaccessible. The extreme shore seemed to he 
covered with grass onlj, the interior was a low jungle, the crown of cocoa-palm beia^ here 
and there visible at its margin. Only opposite Car-Nicobar can iJie island give an 
impression of a ** relatively bare rock," as St^n Billet says. — The rocks to be found on the 
island are most probably &e same as those of Car-Nicooar. 

T»2/a»acAo»^, situated opposite Car-Nicobar, is a narrow mountainous island with 
precipitous cliffs, s&etchinff from north-west towards south-east; it consists of two ragged 
mountain ranges separated oy a depression of only 30 feet in depth. Where, on fiiesonth-east 
side, both ranges meet, a deep bay is formed, which during the nortJi-west monsoon offers an 
excellent place for anchorage, llie less precipitous south-western coast is accompanied by a 
few rocky diffs, while the north-eastern coast is highly precipitous all along the diore. The 
highest hiUs are situated in the northern part of we island, apparently rising to an elevation 
of about 500 feet. Serpentine and gabbro form no doubt the great mass of the island. — PI* ^ 
Fig. 2. — South-east coast of Tillanchong, 1, Coral-rocks; 2, Serpentine and Gabbro; 3, 
Breccia ; 4, Sharply elevated rock-beds. — 

In the small bay on the south-western coast, the Novara bay, in which the frigate was 
lying at anchor for a few hours, the irregular and cliffed-like shores are composed of common 
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. *^ ^ription of the veiy well preserved Foramim{fgra from the above dewribed clajrej beds waa andartftkn 
by Dr. K. Schwager. H!b very Talaable paper will be appended to thU chapter of the Nicobarlilaikdi^uAlor 
fluihtr reaolta I here refer to this paper. 

t Captain Steen BUle wu Commander of the Danish ship Gohtthea.^T. O. 
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^erpentiney often trayeraed ¥rith yeins of hornstone, and the same is the case witH the thickly 
vooded moantain slopes, as far as could be observed in the small rocky beds of streams. 
The shore exhibited a very great variety in the color of the serpentine, jasper and homstone 
pebbles : besides these, however, there were noticed also numerous pebbles of a dark green 
diallftge rock, which must no doubt be in situ somewhere on the same coast at no great 
distance. 

From the angular fragments of serpentine and other masses in the course of decom- 
pofiition, a ferruginous breccia is formed at the foot of the hills, while in the breakers the 
serpentine gravels are being cemented by coral and shelly sand forming solid sandstone and 
conglomerate banks which recall the Verde-antique, (Opnicalcite). The plateau of the coast- 
reefs extends 2 to 300 feet from the precipitous shore into the sea. The whole of the island 
watf covered with thick primeval forest wnich thrives well, even on the serpentine ground. 

In passing along there were observed on the southern part of the island and on the 
eastern coast min-bedded rocks with a high dip ; these were in massive difis almost perpen- 
dicular in the south-eastern bay with a columnar structure; their true nature remained, I 
however, unknown to me, for I was unfortunately obliged to use the telescope in place of the ^^ 
geological hammer. 

Camorta, Trinkut, Naneowry with Kaichall form the middle g^np of the 
Xicobar islands. Trinkut is situated m front of the eastern entrance of a channel between 
Cimorta and Nancowry ; it is a low island surrounded by coral reefs, and on its southern 
ooist whitish-yeUow argillaceous marls crop out. Camorta and Naneotory exhibit a greater 
variety of formation. — PL 4, Fig. 3. — Sections of Camorta and Trinkut. 1, Gabbro and 

Serpentine; 2, Breccia and tufa; 3, Clay marl with sandy beds; 4, Coral-rocks. — ^The . 

diannel between the two islands, the Nancowry haven, has numerous small bays and 
Goiresponds with a transverse cleft, while the Trinkut channel is a longitudinal deft. The 
predpitous shores of the former offer, therefore, the most instructive geological section. • 

The narrow western entrance to the Nanco'wry channel is marked by two projecting 
locks, which have been washed out by the force of the waves, making thus a natural gateway \ 

of rocks. Both cliffs rising almost perpendicularly to about 80 feet, are formed of a coarse ; 

breoda, composed of angular fragments of serpentine and gabbro* firmly cemented. I could \ 

not observe any stratification in this rook on the Camorta side ; it is here in diffs with large 
quadrangular blocks. On the Nanoowry side, however, coarser bands alternate with finer 
^a-Iike ones, with a strike from south-south-east to north-north-west and dipping about 85 
degrees towards west. On the Camorta side, there crop out at two places oelow heaps of 
inasges of rocks, which Eink veiy properly regarded as friction-breccias, diffs of a more 
or less serpentine or gabbro-like massive rocK. 

Among the pebbles on the strand, I also met with numerous fragments of a reddish- 
bniwn rock traversed by white oddte veins, the rock which Bink called £urite. 

These phenomena at the western entrance to the Nancowry-haven are thus perfectly 
i^tical with those which Bink has observed at the entrance of the Ulala bay, situated only 
& few miles to the north ; they are represented (1. c p. 68) by Bink in a section. Further 
to the nortli the mostly bare hills on the west coast of Camorta, recalling by their external 
th^ conical volcanic forms, attain a height of from 4 to 500 feet ; they no doubt indicate 
the further extension of the serpentine and gabbro-rocks, which on Camorta and Nancowry 
^ traversed from south-south-east to north-north-west by a longitudinal cleft. 

In the interior of the Nancowry haven, wherever the rocks are exposed on the project- 
^ sogles, Uiey appear to be well-bedded, whitish-yellow, clayey marls, alternating with 
l>^nb ^ a fine-grained sandstone, with serpentine and gabbro tu&s. 

Most instructive in this respect is the precipitous south-eastern comer of Camorta at 
which the coast line bends into the Trinkut channel. The argillaceous marl formation is 
^w well exposed in cliffs of from 30 to 80 feet high. On the southern side of the corner 
the transverse section of the strata can be observed, dipping at 25° to 30** towards west, while 
on tiie eastern side, parallel to the longitudinal break, the beds crop out horizontally one 
ihoTe the olJier. The argillaceous marl does not contain fossils, is of a yellowish white color, 

' Gabbro is a rock composed of dUUage, smaragdite or hjiperstheae with labradorite or saaasarite, and often 
*«fie other miaerala In an Irregular mixture* 
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ftnd on the perpendicular walls it was covered with inch-long, white, very thin, crystals of a 
silky lustre. The examination of these showed theiii to oe sulphate of magnesia. The 
clav itself contains, according to Rink's analysis, besides silicate of alumina, iron-oxide 
and magnesia. 

The whitish-yellow clay marls ofCamorta and Nancowry being entirely firee of lime 
have become famous since Professor Ehrenberg (Berl. Akad. Monatsberichte 1860, p. 476), by 
an examination of the samples brought by Dr. Rink, has shown that they are true PolyeUtinO' 
marls, like those of the ^rbados. £hrenberg discovered in 1848 allout 300 species, which 
were by Professor Forbes believed to belong to miocene (tertiary) deposits. Ehrenberg says : 
" Especially well developed is this material on Camorta, where, near Frederickshaven, a 
hill 300 feet high is covered all over with variegated Pohfcisiina^hj, while the Mongkata 
hills on the eastern side of the island are according to Rink entirely composed of a whitish- 
day resembling meerschaum ; this is, according to my analysis, a nearly pure agglomerate 
of beautiful Polyeistina and their fragments, beside numerous Spongioliiei"^ The species of 
PolvcUtirM on the Nioobars are, according to Ehrenberg, the same which oompose th« 
iimuar marl on the Barbados, situated in nearly the same latitude ; but there are also Mxnd 
new forms. 

Near the level of the sea, the olay marls, which locally contain angular firagments of 
lerpentine and gabbro, alternate with more solid strata of a psephitic rook, which is eom- 
poeed of strongly-cemented angular fragments of serpentine and gabbro, and can therefor? 
be best designated as gabbro-tufa. It is remarkable that this rook again includes larger 
and smaller pieces of the clay marl. On the eastern coast, near the viluge Inaka (Enaea) 
a reddish micaceous sandstone appears between the clay marls. 

Similar are the geological conditions on the northern coast of Nancowry. Between the 
villages Indang and Malacca, the whitish-yellow clay marls crop out in slightly inclined 
strato ; between Malacca and Inj&ong, however, lies a precipitous cliff, on w}uch &ese strata 
rise almost perpendicular, and are graduaUy replaced by an accumulation of fragments of 
serpentine and gabbro. At the projecting comer itself the traveller faces a precipitous 
cliff of about 60 feet in height, but being cracked and decomposed, the true nature of 
the rock is recognised with difficulty. On a fresh fracture, however, one soon observes a 
massive diallage rock, the laminar disJlage being clearly traceable in t^e nearly solid mass 
of felspar, l^u-row veins of quartz pass through the rock. 

From here up to the village Inj&ong the strand is again flatter, and nowhere nearer 
liian on the other side of the village high, dark-colored, rocks are a second time visible, 
indicating a massive rock. These are the two places which Rink also has marked on his 
maps as plutonic rocks. 

Trice and Track, — On the north-western point of the small island Trice, highly up- 
heaved banks of a fine^jgrained argillaceous sandstone of a greenish-grey color form a 
low precipitous shore. lAie same stratified rocks alternate with thin-bedded sandy slates, 
showmg on the south-eastern coast margin of the small island Track, only a few cables 
length distant, the aooompanving section. PI. 4, Fig. 4. Besides a &ult, uie strata form 
a Middle and strike from soutii-south-eaBt to north-north-west. In a sandstone bank I foand 
here imbedded a rolled fragment of a bituminous coal, the same of which I met with a larger 
but equally rolled fragment on the strand of the island Trice. Of coal seams there was, how- 
ever, no trace to be detected ; what might be mistaken for them from a distance was only the 
shadow of softer sandstone banks deeply weathered out, or the darker color of some strata. 

Pulo Milu, — ^A small island on the northern coast of Little Nicobar, which Vr, 
Rink has so excellently described in all its peculiarities, consists, in the higher parts, of a grey, 
fine-grained, micaceous and calcareous sandstone in massive banks, y&ry often spheroidal 
concretions are to be observed showing on the soil weathered surface like cannon balls. No 
trace of fossils could be found. The massive banks have thin-bedded sandy slates interstni- 
tified. The strata strike from south-south-east to north-north-west, di|^ping to east at 
an angle of 45 degrees. Dr. Rink (loc. cit, p. 50) mentions a fossil resin m &e sandstone 
of Milu. 
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* The result of examination of a Nancowry specimen is figured on Plato XXXYl of Ehrenbergp's ' Mikro- 
geologic' 
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Pulo Miln was particularly instructive for me, because tiie dependence of tiie vejpetation 
on the soil and its geological l^sis could be ^rfectiy well recognised. The vegetation and I 

the geological formation of the ground stand m the closest relation to each other, as clearly 
shown bv the accompanying sketch plan. The sandstone hiUs are covered with jungle ; the 
coral (calcareous) ground with high forest trees ; the saline, calcareous, sandy ground is occu- 
pied by ooooa-palms, and in the fresb water swamp on the declivity of the hul ranee, which 
resembles in its curve a borse shoe, thrives the finest forest of Panaanus which we have seen 
on the Nioobar Isknds. — Fl. 4, Fig. 5. Plan of the island of Pulo Milu. 1, Sandstone 
with bushy forest ; 2, Coral conglomerate, with lugh tree forest ; 3, Coral and shell sand, with 
forest of ooooa-nut trees ; 4, Coast reefs ; 5, Fresh water alluvium, with forest of Pandanns, 
PI. 4, Fig. 6, Section of same island on line A, B, Fig, 6. || 

We have not visited the coast of Little Nicobar, the mountains of which rise to 1,000 
feet elevation above the sea. 

Kondul — between Little and Great Nicobar, — consists of a hilly ricU^e, 1^ nautical 
miles bug and \ mile broad ; its strata strike north-north-west., and dip at 70 towards east. 
The western ode is the precipitous one. The strata represent an alternation of more or less 
saod^ or clayey beds. The sandstone predominates, yeUowish-white, with ferruginous 
leddish-brown particles. The clavey beds partiy consist of a greasv plastic clay, partfy of a 
enimhling yeillowish clay marl, with mtercalated thin-bedded sandy slates. The only organic 
remains which I found were indistinct tittces of Algce and small rolled fragments of coal. 

Great Nicolar, — What shall I report of Great Nicobar? With the exception of 
some sandstone hills on the northern coast, and the sandstone ranges on the eastern side of the 
GaUthea Bay in the south, I have not seen anything. Great Nicobar, with its moun- 
tains rising up to 2,000 feet, is geologically quite a temL incognita, \\ 

A very remarkable earthquake, which is said to have lasted from the 31st of October to 
the 5th December, 1847, on the Nicobar Islands, at which time also earthquakes occurred in |i 

the middle and western part of Java, is described from the Penang Gazette in Junghuhne 
Java (part 11, p. 940). On this occasion fire is said to have been seen on one of the 
mountains of Great Nicobar. 

Can the highest mountain of Great Nicobar be a volcano P Its form is that of a volcano, 
bat as Junghuhn says that one could land on the southern coast of Java, wander about many 
dajs among sandstone and slate rocks, without obtaining through any of the phenomena 
even a trace of the stupendous volcanic nature of Java; in the same way there may be in 
the mterior of Great N icobar, rock-formations hidden, of which one dJoes not get an idea 
aloDg the coast. However, I do not attach any importance to the rumour that fire has been 
sten on Great Nicobar, though the description of the earthquake seems trustworthy, 
as I had myself occasion to observe on Kondul the mountain-slips referred to in the account. 



These few observations, combined with those of l>r. Rink, give us the following, though 
probably still very imperfect, idea of the geological nature of the Nicobar Islands. 

A^ong the various geological formations on the Nicobar Islands, three are the most 
important : — 1, An eruptive serpentine and gahhro formation ; 2, Marine deposits, prohahljf 
of a younger tertiary age^ consisting of sandstone, slates, clay marls and plastic days S, 
Mecent coral reqf formations. 

The serpentine and gabbro formation of the Nicobars is characteristically of an erup- 
tive nature. The tertiary sandstones, slates and clay-marls appear forcibly broken through ; 
their strata are partiy inclined* partiy bent in flat, parallel wave-like, undulations. These 
rocks are accompanied by coarser and fiiner breccias composed of angular fragments of these 
nme rocks, and they can partiy be regarded as friction-breccias, partiy as sedimentary 
to&s in which beds of an argillaceous marl are interstratified. The eruption of these ^lutomc 
masses appears, therefore, to fall in a time when the formation of the marine deposits was 
partially completed, partially still in progress. They broke through, on lines of fracture of which 
the principal strike from south-south-east to north-north-west agrees with the longitudinal ex- 
tension of the islands. On the middle islands, the serpentine and gabbro attain their greatest 
development; on Tillangchong, Terressa, Bompoka, Camorta and Nancowry they 
foim bare hill-ranges of Si)m 2,500 feet elevation, and their configuration often marvellously 
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resembles those of younger volcanic fonnations. The olevatory power has, however, acted 
most strongly ou the southern islands, and has here upheaved sandstones and slates probably 
to heights of 1,500 to 2,000 feet above the level of the sea ; on the low northern isbmiis 
the same power was, on the contrary, weakest. 

With regard to the sedimentary deposits, I may state that Rink called the argillaceous 
deposits of the northern islands " older alluvium/' and the sandstones and slates of the 
southern islands " brown-coal formation." In separating them from each other, he considers 
the former as being derived from plutonic rocks through chemical &nd mechanical decom- 
position, and as only of a local character. According to tnis the archipelago of the Nicobars 
M divided by him into two geologically different groups,— an opinion with which I cannot 
agree. 

The clays and clay-marl formations of the northern islands, Car-Nicobar, Teressa, 
Bompoka, Camorta, Trinkut, Nancowrv, and the sandstones and slates of the soutibem 
islands, Katchall, Little and Great Nicobar, appear to be only petrographically different 
products of one and the same period of deposition. There are at the same time veiy few 
materials from which the age of the marine formations could be determined, as the only fossil 
remains which have been £und in their strata are fragments of drift wood changed to brown 
coal, plant impressions resembling Fucoida, Foramin\fera and Polycistifue, But all these 
remains indicate more or less distmctly a young tertiary age. 

The same conclusions are derived from a comparison with the geoWical conditions of 
those islands which lie on the same line of elevation as the Nicobars; I refer especially to 
Sumatra and Java. 

I have not the least doubt that the clay-marl and sandstone formation has its perfect 
analogue among the tertiary deposits of Java, which I had myself the oppoi-tunity of studyiD*^ 
and comparing in their distribution and lithological character. These became first known 
through the late Fr. Junghuhn, whose researches on the phjrsical geography of Java are 
of such merit. 

According to Junghuhn, one-fifth of the surface ground of Java is alluvial soil. Tina 
is especially prevalent on the northern side of the island, extending from the coast inwards 
either one, or sometimes five to ten English miles ; one-fifth of tho island consists of volcanic 
cones, and their immediate vicinity where the lower rocks are covered up by volcanic products. 
These conical hills chiefly occupy the interior of the island, sometimes in a double range 
stretching from west to east ; while three-fifths of the area are occupied by tertiary rocks. 
Either in flat protuberances or in clod-like elevations, these tertiary rocKs surround the 
volcanic range always on two sides, on the southern as well as on the northern. On the 
northern side, the less highly upheaved tertiary strata underlie the alluvium, and therefore 
occupy on the surfiEice a small area. In an unequally greater degree, the tertiary deposits are 
developed on the southern side of the volcano, both as r^ards height and horizontal 
extent. They are mostly visible split in clods (schollen) which always rise higher towards 
one side, — the north, or towards the volcanoes, — and are at their highest edge upheaved to 2, 
3 and even to 4 thousand feet. It is also principally on the southern side that plutonic rocks 
occur in the neptunian deposits of Java, which are oocasionaUy only represented by narrow 
and sharply defined veins, without any influence upon the structure and configuration of the 
surface ; sometimes, however, they form small hill ranges or isolated hills, similar to the 
serpentines and gabbros of the Nicobar islands. 

According to the reports of the Dutch Mining Engineer, Huguenin,* a repetition of 
the geological formations of the Nicobars appears to be met with in the Tiiletuk Bay (the 
southern lateral bay of the Wynkoop Bay on the southern coast of Java). The prevalent 
formations here are sandstene-conglomerate and highly developed greenstene-breocias, besides 
plutenic rocks of the greenstone group. From specimens which I had an opportunity of 
seeing in the local collection atBeutenzorg, I found that these plutenic rocks are sententines, 
gabbros and aphanites, exactly similar to those of the Nicobars. Equally identical appears 
to be the chalk- white clay -marl in the middle portion of Ban tan, and the fine white marls 
in the southern portion of Tjidamar, mentioned by Junghuhn (loc. cit., p. 13), with th(w 
occurring on the Nicobar islands. 

« Naturkundigc Tijdschrill Toor Ncderlanaiscb Indie, Thcil XII, p. 110, 1856. 
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At the time of my stay in Java (1858), and from all I could find described, as well as 
from my own obsenration, I came to the conclusion that in the tertiary deposits of Java two 
pnnc^tl poape can be distinguished, setting aside the limestone formation, the proper place 
cf which in the system of Javanese deposits is as yet donbtftd:* 1. A lower coaUbearing 
gromp : nomeious workable seams of brown coal are imbedded in quartzose non-calcareous 
smditone and slate-day with silicified stems of trees ; marine shells are very rare, or absent. 
To this I referred the coal seams discovered by Junghuhn in the south-western part of Java, 
as also the ooal formation on the Kapnas river in West Borneo, and the extensive coal 
districts in Southern and Eastern fiorneo, finally the coal of Benkulen (Bencoolen) on 
Sumatra, and numerous other similar deposits scattered over the Indian Archipelago. 2. 
An upper group loithotU coal : a clay and sandstone formation with plastic day-slates, 
ugOlaoeoQa marls, calcareous sandstone, trachytic tufas, breccias and conglomerates, rich in 
marine sheUs^ fossil plants, fossil resin, but merely with nests of coal in place of coal seams. 

Beaaons, which I have given elsewhere,t have induced me to regard this complex vroup 
of strata as probably of E<^ne age. This opinion may even now stand as regards the lower 
group, while as regards the upper group, I gladly accept the opinion of my friend Baron v. 
Ridithofen, and uie conclusions derived by H. M. Jenkins,^ from which these fossiliferous 
deposits appear to be younger Miocene. 

I snspect that to this upper Miocene group correspond the tertiai-y deposits of the 
Xicobars, althoueh fossils confirming this suggestion have yet to be discovered. It is 
also beyond doubt that these deposits are not wanting on Sumatra, in certain respects a 
ooimectin^ link between Java and the Nicobars. Junghuhn (loc. cit., p. 8) justly remarks ; 
"* The tertiary formation appears to have a sub-marine extent over the whole of the Indian 
Archipelago, because wherever within this Archipelago the earth's surface rises above the 
level of the sea, this neptunian formation is observable. I know this for certain as regards 
Northern Sumatra, where the tertiaries are especially found in the Batta districts (Batta 
Undem). With the exception of the trachytic island Dunff us Nasi all the islands in the 
Bay of Tapannli (situated exactiy in the prolongation of the Nicobars), besides the 
adjoining low shores of Sumatra, and partially also the mountains near Tuka, are composed 
of more or less upheaved sandstone strata, containing, though sometimes rarely, tertiary 
shells." Thus it appears to be principally on the southern coast of Java and the south-west 
coast of Sumatra tnat we find a repetition of the geological conditions of the Nicobars. 

The commencement of the eruptive formation is in J a va inaugurated by serpentine, gabbro > 
massive rocks resembling diorite (greenstone trachytes as in Hungary) ; more or less typical 
Phytic rocks follow, and the grand volcanic eruption extending up to the present time 
firom the t<»nnination of the enormous eruptive pnenomena in the Indian Archipelago. 
At the MMWi* time it appears that the eruptive line has been shifted slowly, on Java from 
wath to north, and on Sumatra from south-west to north-east, so that this line would 
strike east as regards the Nicobar group in the same longitude in which east of the 
Andamana it reappears on the volcanic ^rren Island and Narcondam. 

The young tertiary age of the serpentine and gabbro eruptions on the Nicobars and 
Javahaa its perfect analogue in the eruptions of the same rocks in Central Italy, which, 
aoeording to Signor Perazzi, in Turin, and Inrof. Savi, are partly Eocene, partly Miocene, and 
which, on account of their copper ores, are of importance to the miner. 

The third prindpal formation of the Nicobars are coral formations, belonging to the 
most recent or the present period. Coral banks of great thickness are found on C a r - Ni c o b a r , 
Bompoka and several other islands ; they consist partly of a compact coral limestone, partly 
nf a coral or shell conglomerate, upheaved up to 30 and 40 feet above the present level of 
the sea; on all the islands, the original area is to be observed enkrged by coral-buid, which 
is ody separated by the higher sand dunes along the shore, from the still continuing form- 
ation of the coral reefs surrounding sJl the islands in the character of fringing reefs. 
Although these raised coral banks are a decided evidence, in favor of the long continued 

* According to Janghaha this limestone is the youngest of all the t'ormations, sad is always to be found only in 
Kp€T&cisl banks. 

t Reports on the doings of the mining engineers in Netherlandu India (Jahrbuch der k. k. geol. KeichtansuU, 
Wj€n, 1888, p. 377). 

t Qsart. .lour. Geol, Soc., London, Feb., Wei-F, Baron v, Bichthofen, Zeitwhrift der deutschen geol. Uesell- 
sch«A. Bd. 14, p. 337. 
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upheaval of the islands,— that in connection with the ernption of the serpentines and 
gahbros, — the formation of the flat coral-land elevated only a few feet above the level of the 
sea can, on the other hand, be explained by the aocumuiation of coral fragments, of sand 
and shells by the waves and breakers on the shallow sorfaoe of the fringing ree&. A 
detailed description of the peculiarities of the Nicobar coral reefa and of the fonxiation 
of the low corsJ-land has been already given by Rink. (loc. dt., p. 88, &o.). 

II. — On the occurrence of coal and other useful rocke and minerals on the Nicchar 

Islands, 

The qnestion regarding coal was the principal point of inquiry during the first expe- 
dition to tie Nicobars, which was undertaken in 1846 by the Danish Consul MacJcey of 
Calcutta, the Englishman Lewis and the two Danes Busch and iMwert, 

The bolutiou of thiri uuesliou was a second time the problem undertaken by Dr. Rink. 
as geologist with the royal Danish Corvette " Galathea." The order of the day iSo. 5, which 
contained the instructions and directions for the survey and exploration of the Nicobar islandii 
on the part of the scientific expedition of His Majesty's Frigate "Novara," made the reply 
to this question my duty also.* The facts on this point are as follows : — 

The results of the first expedition were confined to the discovery of single pieces of 
coal on the strand of the southern islands. Dr. Eink found several locahties of coal on differ- 
ent places of Little Nicobar, Trice, Milu and Kondul. "These localities at which omI 
occurred proved, however, everywhere to be isolated masses varying from one to two inches in 
thickness." The incorrect (as already stated) designation of " brown coal formatdon" for the 
sandstones and slates of the southern island mieht have been the cause of misunderstanding ; 
but Rink himself (loc. cit., p. 53) expressed his results thus: — "There appears nothing 
found on the Nicobar islands which woidd correspond with the coal formations of South- 
Eastern Asia. The coal localities were met with here and there without any order 
either in sandstone or in slate, and appear to me therefore to be derived from driftwood 
which was deposited with the clay and sand. I nowhere found anything which could indicate 
an accumulation of plants in basin- like depressions, in which the plant would be grow- 
ing in situ and through which the surroundmg masses of clay would be impregnated with 
organic ingredients and mixed with portions of plants. The question, therefore, still remains 
pending whether those brown coals occur in considerable quantity, as the quantity and size 
of the collected pebbles would seem to indicate." 

I also did not succeed farther than finding single fragments of brown coal. The first frag- 
ments were met with on the strand of the small island Trice ; it was a brown coal with con- 
choidal fracture, but still with distinct structure of the wood. The pieces were all rolled, and 
the largest — 6-inches long, 4-inches broad and 2-inches thick — was bored by Pholadida. I do 
not doubt that these pieces were derived from the beds of the sandstone or slate of Trice; bnton 
the opposite island Track, I was fortunate to knock out of the sandstone, in situ, a small frag- 
ment of coal also rolled. Exactly in the same way I also found small fragments of brown ceil 
on Kondul and on the south side of Great Nicobar, partly on the strand* partly on the 
sandstone or slate rock, and it is certain that these pieces occur all through the gnroup of islands. 
The condition of all the brown coal fragments met with tends to show that they were only 
singly imbedded driftwood pieces, which were changed to coal, not that they belonged to 
large coal seams through the destruction of which they have come into younger strata. Only 
on the strand ofPuloMilu have I obtained pebbles of true coal with lannnated structure, 
such as is only to be found in seams. It is, however, much more probable that these pieces of 
coal came from the steamer " Ganges" accompanying the " Galathea" in 1846, and stopping for 
some time about Pulo Milu, than that they were derived from coal seams on the Nicobars. 
I therefore entirely agree with Kink's opinion, that so far as it is possible to make observa- 
tions ncthing speaks in favor of the existence of true coal basins on the Nicobars, and that 
the occurrence of workable coal is not probable. However the area of Great and Little 
Nicobar is large enough to hide under the thick primeval forest formations of which no traoe 

• This instruction runp :— Acoordini? to the report of the natnmliBtB of the Danish expedition, coal and pro- 
bahly also precious metals occar. As far as this may be verified, samples in suflBcient quantity onght to be tAkec : 
equally so in (^n^e of metalR botn^ found. In general it ia however t-o be reported, as regards geological conditiooB. 
how far conclusions can he flruwn from the existing rocks as to the occurrence of nsefal minerala, Sic. Of the rivers 
and springs, the temperature should be measured, Ac, Ac. 
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may be obaenred along ihe coast. Until the interior of these islands has been examined, the 
qoestion legardiBi^ cofld on the Nioobars cannot be answered in any other way than it was 
by the first expedition. 

aialij unfavorable must be the opinion regarding the occnrrence of ores or other useful 
. !Nothinf of the kind has yet been found on the Nicobars. Gold and useful 
minerals are partiaSy rich on islands and along coasts which, viewed geologically, belong to 
the same area of elevation as the Nicobars, as I have already pointed out. The natives 
who long ago observed those fragments of coal, who use ^lass pearls, silver fragments, ^., 
ss omaments, who know the plants and animals of their islands pretty weU, and who 
have for aU more common phenomena, for all useful products of the animal and ve^table 
kingdom special names, these mhabitants have as yet found among the rocks of their islands 
Dotning tfaiat they would be able to make use of for ornament or other useful purposes. The 
only traces of ore which I found were those of iron pvrites and copper pyrites, finely 
disteminated through dioritic and serpentine-like rocks. The possibility of the occurrence of 
copper ores in the eruptive formation cannot be denied ; however, no discovery has as yet 
been made which would indicate it. On the other hand, the islands are rich in useful building 
materials. The sandstones of the southern island must give excellent working stones ; the 
plastic clays of the northern islands could no doubt be equally well worked into bricks or into 
pottery; tiie natives of Chowry make large pots of it. Finally lime is offered by the coral 
re«fi$ in inexhaustible quantity along the coasto of all the islands. 

III. — The soil and iU vegetation, 
[ Only brief extnMts of this secUoQ are given. ] 

Dr. Hoohstetter states that vegetation in its original state always indicates the character 
of the soil, provided the atmospheric conditions are the same. This is, however, on the 
Nioobars, hignly the case. ' Neitner the difference in the latitude from the most northern to 
tiie most sonthem islands (2^ degrees), nor the difference of the absolute elevation (the 
highest hills on Great Nicobar only attain about 2,000 feet above the sea), is large enough 
to produce on the single islands, or parts of them, snch a difference in the climatal conditions, 
that on it alone an altered ohanMster of vegetation should depend. Rocks, soil and vegetation 
ire, therefore, on the Nioobars in such a degree related to each other, that the areas marked 
(m a map as indicating various rocks would almost coincide with those indicating the varieties 
of vegetation. Unfortunately the sketching out of such maps for the larger inaccessible 
isla&ds is impossible ; to indicate it I can onfy attempt a representation of the small island 
Miln (PL 4, Fig 5.) and t^e north-western bay of Little Nicobar.' 

' The reenlts of these observations may be seen in the following tabular view : — 



Geological nhancter of the underlying 
rock. 


Clunetier of aoiL 


Bespectiye character of rege- 
tatlon. 


1. Stlt and braekitth ewamp, damp 
marine alhiTiinn. 


Swampy gronnd not capable of caltivation. 


IfangTOTe-foreBt. 


2L Goral oonfflomerate and coral sand, 
dry vMiftie allaTiam. 


Fertile calcareooa aofl ; principal cone- 
tltnente, carbonate and phosphate of 
lime. 


Cocoa-palm forest. 


I. Conl eet^Mnerate and eoral aaad 
beeide £7 freahwater aQaviam. 


Fertile oalowteoos sandy soiL 


Large foNSt tiecii 


4. Presbvater evamp and damp freeli- 
water allaTiam. 


Swampy groimd, capable of being culti- 
▼ated. 


Fandanus forest. 


5. Plastic eiay, magneeian clay, marls 
lad paroally eerpentine. 


Not fertile clayey soil; principal oonsti- 
tnente, silicate of riomma and silicate 
of magnesia. 


GraBsy plains. 


e. Saaditone, ilaie, gabbro, dry rlTer 
aDnrram. 


Loose clayey, sandy soil, rich in alkalies 
aod lime, very fertile. 


Jangle (the tme primeval 
forest). 
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* The MaTigrove ybfef/.— Several deep channels, rich in fisheB and navigahle b? the 
canoes of the natives, oocasionallv extend in serpentine turns through these man^fpove 8wamp«. 
One meets not uncommonly at the end of such channels in a hid&n locality Tillage of ^t 
natives, as for instance, on Trinkut the pirates' village Dschanoha.' (Janoba). 

"The brackish- water alluvium, the ground of the Rhizophori and Cerithia, most, 
therefore be considered as a soil perfectly unfit for cultivation. It occupies only a small ares 
as compared with that of the islands, but it is nevertheless of a mischievous importanoe. 
For it can justiy be said that the Nicobars owe their unhealthy climate principally to these 
bracMsh-water swamps, as they occasionally extend for miles from the mouths of the mm 
into the interior. In these swampy districts, the change of the fresh to salt water causes a 
decay of the organisms, which can only exist in the former, the reverse takes place in salt 
water changing to fresh water. The ebb exposes large areas, and decomposition of tiie orgaoic 
life takes place, filling the air with most poisonous miasmas.' 

Dr. Hochstetter says that he especially had opportunity of studying these marked 
changes on a grand scale on the northern coast of Great Nicobar (west of the Ganges harbour). 
On the oUier hand, the coral land appears to be fertile, capable of cultivation, ana health/ at 
the same time, and the dry marine and freshwater alluvium, to which on the sea coast 
belong the cocoa-palm forest, and ^rther inland extending to the back of the hills, a b^tiful 
forest of various Kinds of large trees. This is the ground which the natives of these islands 
have selected for their abode, finding here all the necessaries of life. 

jHie cocoa-palm forest is described by Dr. Hochstetter as the picture of life, and Vt 
thinks that if the cocoa-palms had not been there, the islands would have been projbabi; 
uninhabited up to this time. He further states that, taking the number of the inhalntants 
of all the islands to be 5,000, there would be about five ana a half milUons of nuts leqoiied 
for annual use. The annual export of cocoa-nuts can further be estiiaated as about ten 
millions, for Gar-Nicobar alone exports between two and three miUions. This gives fifteen 
and sixteen millions of cocoa-nuts to meet the annual demand. On the northern iaUnds, the 
cocoa-pahns occupy comparatively a larger area, while on the southern islands, especially on 
Great Nicobar, they are nearly altogether wanting. The northern islands are, therefore, the 
most tiiiokly inhaoited, and tho cocoa-palms are there divided as property, but on the aonthera 
islands they appear to be the free, common, goods of all. 

* The Nicobarese not only lives on, but also in, the cocoa-palm forest, having selected for 
himself not only the most comfortable place for his hut, but oeing on the dry coral ground. 
exposed to the current of the wind, also tne most healthy situation/ 

* The hiah forest, -^T^Sa is chieflv composed of large trees with rich folia^' SeTeral 
valuable timber trees, and others, useful on account of their fruits, are here mentioned. 

'The finest high forest I saw on the southern coast of Car -Nicobar.' 

' The Pandanus forest, in which this remarkable tree suppresses all other v^etataon, 
except a few Areca- and i^^an^-palms, occurs only on the swampy fresh-water alluvium 
along the course of rivers and streams, especially near the sea where tne rivers foim inore or 
less permanent basins. Here it is Pandanue MUore, the largest kind of Pandatm, 
which forms the forests. I believe that what we saw of the Pandanus forest on Pulo Milu, 
was one of the most peculiar pictures of tropical v^etation seen during the whole of our 
journey.* 

* The Pandanus is not cultivated on the Nicobars ; it is most flourishing in a wild state, 
and is, after the oocoa-nalm, the most important plant for the nataves as regards food : >t is 
the truly characteristic plant of the Nicobar islands. 

' Qrassy plains, — K one has succeeded in marchins from the flat ooral-land through 
the high and Pandanus forests, he generally reaches uie foot of hills, rising on the Itf^ 
aouthem islands, on Great and Little Nicobar to a height of 1,000 to 2,000 feet above »« 
sea, but on the northern islands they are not above 600-600 feet This hilly land certainly 
occupies -A to i of the whole area. It is composed of rocks of the gabbro and serpentine 
formation, and of the dayey and san^ tertiary beds formerly noticed. The eruptive rocks 
are comparativelv of small extent. Where felsnathic gabbro forms the ground, this DeiD| 
producea by the deoomposition of the rooks may oe said to be fertile, it is covered with thicK 
forest, but even the serpentine island Tillang-chong has a flourishing primeval forest. ^ 
the otlier hand, a remarkable difference is perceptible in the vegetation of the tertiary groua-l 
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' Hie hiUs of the northern islands are to a great extent only covered with grass, those of 
the southern, however, chiefly with a thick forest vegetation. This distinction rests npon an 
cuential difference in the composition of the ground. The hills of the northern islands 
ooDsiflt of a sterile aivillaoeous soil, those of the southern islands, on the contrary, of a fertile 
cslcareous, sandy-argiUaceous soil/ 

' Where the most favorable tropical climate could produce nothing else, but stiff and dry 
Lsiang-grass (Imperata), and rough Oyperaoee (ScUria, Oyperus, Thplacewm), surely there 
nsture has clearly enough left the stamp of sterility, yet just between such grassy hills, 
wbkh from a distance look so homely resembling fields of com, have the colonists on the 
NanoowTT channel built their houses and gardens. The grass erows now high enough above 
tkir banal grounds ; tiie breakers play with the briclu with which they ouilt the houses ; 
gardens and fields, every path has disappeared. On Car-Nicobar I saw uiese grassy plains 
rartislly cut down, because the natives use the grass for thatching their houses, and on 
Kamorta large strips were in flame.' 

The grass ve^tation, savs Bink (loc. cit, p. 136), which to the greatest extent covers 
tlwfle ishinds, is, m the valleys at the base of the hills, very thick and hi^h ; it becomes 
however, higher up thinner and shorter. On the places which are sufficienuy damp many 
soft grasses may occur rich in juice ; but on the tops of hills, where the dry magnesian 
elajstone locally penetrates through the scanty layers of soil, and is also partially covered 
viUi a coarse ferruginous sand, while the showers of rain carry all the finer nartides which 
may be produced b^ decomposition into the valleys, there, as a rule, only dry and rough 
siliceous ChamiiieiB and Oyperaee€B are to be met with. 

The area which may, therefore, in fiiture be successfully cultivated is that of the southern 
idsiids, composed of sandstone and slate, producing a fertile argnllaceous sandy soil. On 
Little and Great Nicobar with the small islands Pulo Milu and Kondul, the hilly land 
may be estimated at nearly two-thirds of the total area. These islands are therefore in point 
of eolonization the most important, and a comparison with Ceylon and Pulo Penang 
shows what could prosper where now impenetrable primeval forest covers the whole surface. 

' Primeval forest, — ^This is of great extent, and the coast inhabitants of Great Nicobar 
ten of the existence of a wild tribe, forest-men, ('* jungle men"), with long hair, inhabiting 
small huts or trees and living upon honey, roots and game. But no European eye has yet 
lighted these forest-people.' Dr. Hochstetter describes in vivid language the evermore forest- 
clad parts of Ghreat Nicobar, which were visited by some of the party along the deeply 
isdeDted water courses and ravines. 

IV,^^8pringSi Streams and Bwers. 

The annual rainMl of the Nicobars is unknown. But very likely it is considerable ; 
I think 100 inches is an exaggeration, because the two seasons, usually distii^^hed»--tiie 
dry one during the north-east monsoons between November and March, and the wet one 
duriog the sou3i- west monsoons between April and October, — are not so strictly separated 
on ^ese islands as on the neighbouring continent, and according to present experience 
showers are also not rare during the d^ season. ^ The ^est month of the year ma^ be 
March. We had, during our st^ on and round the islands, in this month onlv three times 
nther heavy showers of rain, ul April they become more frequent, until in May and June 
the sooth-west monsoon rolled constant and heavy clouds over the islands. 

lit therefore, peculiar geological conditions do not facilitate a rapid flowing off of the 
lain, the islands cannot have in ceneral a want of water. And of this we could convince 
ourselves, inasmuch as the end of tne dry season was unfiivorable for the onantity of water 
in streams and rivers. Even the smallest idands, like Pojo Milu and £!ondul, though 
&eir small streams hardly had any water flowing, still had an abundance of fresh water 
in the numerous basin-bke depressions of their beds. From the forest-clad heights of 
Tillangchong still rippled out everywhere spring water. The numerous streams and 
rivers of the sonthem large and woody ishmds. Little and Great Nicobar, possess 
abundance of water all the year round. But the northern island, as fiir as the argillaceous 
beds extend, appears to be deficient in water; this specially is the case on Nan cowry, 
Camorta, Trinkut, and probably also on Terr ess a and Bompoka. I fi>und the small 
streams on Nancowry and Camorta; leading into the Nanoowry haveS; perfectly dried 
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nn. The natives only dnnk ooooMiQi-wftter, and they probably obtadn the fresh vater 
wnioh they reqaire for domestic puzposee, ^, like the ooiling of Melon, from the fimk 
water swamps, which are locally to be met with in ravinea. Of wells* ezoept that made 
near the village Malacca on Nancowry and which is now half in rain, 1 saw nothing. 
Car-Nicobar, however, though also composed of argillaoeoos strata* as the abovementioiked 
islands, has no want of good drinking water, because the lar^ coral land raised from 
8 to 12 feet above the level of the sea, permiU the digging of mose remarkable wells, the 
fresh water of which falls and rises witn the ebb and ti£. The explanation of this rare 
phenomenon does not rest in the filtering of the seawater by the coral-sand, but is 
rather the fSact that the lighter rainwater floats on the heavier seawater, and the porous 
coral rock only prevents t£e mixing of the two. I have seen several such reservoirs on 
Car-Nicobar near the villages Mus and Saul, they were all dug from 8 to 10 feet 
through the coral mass nearly to the level of the sea at ita highest flood, and contained 
good drinking water. Besides this, a river flows into the Northern Bay of Car-Nicobar, 
which we named Areca River from the luxuriously growing Areca-pahns on its banks; 
this river is navigable with flat boats two miles upwards, and near the small rapids which 
one meets it also offers good drinking water, oontaining only a small portion of calcareous 
constituents in solution. 

I have not become acquainted with any mineral or warm springs. The clay-marl 
rocks of the Nancowiy haven are, however, seen covered with an inch-thick incrustation of 
sulphate of magnesia {epsom salts) in fine fibres with a siikv lustre ; this indicates a quantity 
of sulphate of magnesia in the clay -marls, and by digging holes in them, epsom salt waters 
may probably be obtained, such as is the case with the bitter sandy-marls near Bilin iii 
Bohemia. 

V.'^Observations on the temperature. 

As we had, according to our instructions, to measure the temperature of rivers and 
eprines, and as this task feU to my lot, as far as opportunity offered itself, I would put upon 
record here the few observations in mis respect, besides a few remarks on the temperature. 

a.'^Temjiteraiure qf the different watere. 

1. 23rd Febnsary, on Car-Kicobtr, water !n the weUnear tbeTfllageSttii inSfeet 

depth in perfect tthade ... ... ... ... ... ... SC7C. 

i. S7th Febroary. on Car-N ieobar, Areca river in the shade of the primeTsl fbreet ... Sfi'OC. 

a 4th Hardi, on T i 1 1 an g c h o n g, weeCem side, a spring in thC'Shade of primeval forest 26'5C. 

4. 4th March, on Til la ngehong, another spring ... ... ... ... M*OCl 

6. 6th March, on Nancowry, old well of the Moravian Brothere near the village 

Malacca, water in 8 foet depth in ahadoir ... ... ... ... 26*7,C. 

If it wero permitted to make from these few dbaervations a condnsion upon the mean of 
the annual temperaturo of the Nicobars, this mean would be 26'68C. (=78*04 Fahrt ) 

I have also measured the temperature of several other wells and streams, but as theiT 
water was temporarily exposed to the sun, very different results were obtained, as for instaooe : 

on Car-Nicobar 
24ith February, wetl near Mm, water in 3 ftet depth ... ... >.. ... SfOC. 

S6th „ a stream between Mna and Ban! ... ... ... ... 17*80. 

Seth M rivernearBaai ... ... ... ... ... ... 28-OC. 

onCamorta 
9th March, two etreami with mnddy stagnant water ..« .» ... ... aroa 

onPnlo Milu 
18th March, Btagoant stream water ... ... ... ... ... ... WtSC. 

b. — Temperaturee of the soil. 

To obtain frirther materials for the determination of the mean aimnal tsmperatuie 
I made a few observations on the temperature of the soil, and these gave the fulowing 
results: — 

Stii March, on Nancowry near the village Inaaog, the thomometer, after it had been 
expoeed in a pennaneotly ihaded place for 6 boon, showed, when buried fn Si feet 
depth nndeigroimd ... -•• ... ... ... ... 26*7,0. 

aoth March, on Kondal, also in 3i feet after 6 hours ... ... ... ... M-3,C. 

These two observations give> aa did those made in water, an 

annual mean of .„ ... ... ... 25'5,C. (=77*9 Fahrt.) 
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This result is smaller than the reoorda known up to the present, but these also do not 
rest upon suffioiently decisive obaeryations. Bink, ^o, during a stay on the islands between 
Jaooaiy and May 1846, never saw the thermometer under 25^0. and never above 33^C. in 
perfect shade, believes 26°C. to be the most probable mean. 

According to Johnston's Physical Atlas, the line indicating the temperature of the sea 
sorface of 3050 passes just across the group of islands, the annual isothermal being 26*10., 
with the January isothermal of 25*00, and the July isothermal of 27*20. 

As regards the monthly means, we obtain from the observations of the Danish Obrvette 
OahUkea every four hours : 

for Jannary 1846 ... ... ... ... ... ... 28*20. 

» jreDmary „ ... ••> ,,, ... ,,, ,,, 48*oC» 

According to the hourly observations on board of the Frigate Novara the mean is — 

Pot the days 23rd,— 28th February 1868 27*20. ">__„ o^.o.^ 

„ „ „ lst,-26th March ... 27-60. j "'^^ ^^ ^^- 

With this agrees pretty fairly the soil temperature which I measured at a depth of 
one foot 

On the 26th February near Saul ... ... ... 27*70.) 

„ „ 20th March on Kondul ... ... ... 27"0O. > mean 27*260. 

„ „ 26th „ on Great Nicobar ... ... ... 27*00. J 

finally, with regard to the daily means, they will be found for the time of our stay on 
the NioobajB in the observations recorded on board of the vessel. It ooeurred to me when 
on Car-Nicobar to see whether the temperature of the water of young cocoanuts, when 
freshly out down from a tree standing in shadow, would not indicate approximately the mean 
daily temperature. I found on the 26th February, in two nuts, a temperature 27*20. and 
27''iC., as a mean 27*30. The journal kept on board of the Frigate gives for the same 
dij, as mean, also 27*30. 

DONATIONS TO MUSEUM. 

Micnuter cor-anffuinum, — Hertford, England, presented by A. Tween, Esq. 

Belemniies lavis, (2 spec.) ; B. elawUut, (1 sp.) ; B. vulgarUf (2 spec) J?, eylmdricut, 
a spec.) B. gub'oduncatus (2 spec.) ; B, ttriolaiui, (1 spec.) ; B. ivhularUt (2 spec) ; 
B. penicillatus, (2 spec.) ; B, sulcatum (1. spec.) ; Trigonia, DerUalium, Fish teeth (Stones- 
iield), &c. presented by Prof. John Phillips, Oxford. 
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Geological Magazine, Vol. VI, Nos. 2, 3, 4, 8vo., London, 1869. 
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Journal of Travel and Natural History, edited by A. Murray, Vol. I, No. 6, London, 8vo., 
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Palsontographical Society, Vol. XXII, 4to., London, 1868. 
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well, though throughout the deposit the occurrence of bones is irrcgolar, capridous, 
and local. 

A good section displaying the relation of these grit-courses to the less coherent rock 
around them, is seen in the hiUs about three miles east ofShuebandor, or about fifteen miles 
east of AI4n-mio. The hills are here steeply out in the bed I am describing, ihe smface 
being covered with the usual gravel, with abundance of silicified wood and ferraginons 
concretions, the former completely blocking many of the deep gullies cut on the hiU side. 
Strewed about here may hkewise be seen numerous lustrous fragments of iron slag, from 
the native furnaces once scattered over these hills. The sand here presents its usual incohe- 
rent, typical character, but a compact sandstone, passing into a coarse grit in patches, is 
somewhat freely developed in irregular lenticular courses in it. On the surface or the inco- 
herent sand at this spot, and evidently weathered out of it, I picked up a frafl;ment of the 
lower jaw of a deer, and from the unmediate vicinity I collected manunalian bones, mostly 
ill preserved and fragmentary, shark vertebrse and tee&, and chelonian plates fColossoekehi 
and two spedes of £mys). In the great slabs of grit lying about amidst the debris of the 
wasting sand which enveloped them shark's teeth were plentiful, accompanying mammalian 
bones and fragments of wood, many of which h&d been perfectly rounded by attrition 
before they were embedded. These pieces of wood are, however, not conmion. Another 
locality where bones are still more abundant is one-half mile north-east of Talok, or fonrteea 
mUes north-east of Thaiet-mio on the east bank of a stream not marked on the map. Bones 
are here far from scarce, but friable and ill preserved. They occur both in the mooherent 
sand and also in the coarse grit and oonglomerate associated with it, together with shark's 
teeth and small pieces of wood. At this spot there is a good deal of coarse conglomerat^t 
and in accordance with the indications afforded by these coarser beds we find the hones 
of a larger size, and many of these much rolled and abraded before they were finally 
embedded. Here I ^ot a fragment of the lower jaw of an elephant, together with fragment- 
ary portions of the hmb bones of that animal, all imperfect either from original violence or 
subsequent decay, the former cause certainly operating in some instances. 

I may here remark that the bones found in this group (within the area I am now coDcened 
with) are not all in the same mineral condition. The m^ori^ are somewhat imperfectlv mineral- 
ized and consequently decay very readily when bared to the atmosphere by the wasting of the 
surrounding rock, and this I am convinced is the reason of so few biones being found on 
the surface, even in spots where the rock is seen to contain them somewhat plentifully. 
A few fragments may here and there remain, but most of the bones noticed by me were so 
tender, that it was clear that a short exposure to atmospheric action would reduce them to 
crumbling masses, which would break up and leave scarcely a trace behind ^em. A bone is 
however, here and there found in the water courses well minersdized and calculated to defy 
atmospheric action, but the scarcity of these frafments attests that such is not the usual 
condition of bones in these beds. That these well mineralized bones are derived from the 
same beds as the more friable ones is undeniable. The best mineralized bone perhaps met 
with was the part of a deer's jaw above mentioned, and this most certainly was deriveid from 
the soft incoherent sand whereon I picked it up. The astragalus of a ruminant (CervmU 
found also by me during a former season, was in like manner an isolat^ example of well pre- 
served bone, though being found in a small stream its parent bed was not demonstrable. In 
Upper Burmah well mineralized bones are probably more common to judge by those which have 
been at various times collected there, and the difference is merely tiie result of different condi- 
tions at the time of their deposition, such as we might expect to prevail, and depending Pfo* 
bably on the irregular access or supply of silica in solution. That the supply of this silica 
must have been at some period abundant is testified by the enormous amount of silicified 
trunks everywhere met with, but the horizon of these is certainly higher than that at which 
the bones in question occur, and although small pieces of silicified wood occur oouuningl^d 
with the bones, it does not therefore follow that the same abundant effusion of silica tool: 
place at ^e time of their deposition as subsequently occurred when whole forests were sihci- 
fied, and this I should be inclined to regard as the true explanation of this condition of 
most of the bones in this sand, viz,, an insufficient supply of silica in solution. 

As a rule, it is not, however, in the sand but in the coarser and more conglomeratic beds 
that ^e bones seem mostly to occur, of which a good instance is seen midway ^^^^ 
Omouk and Lema, some 19 mUes east-south-east from Thaiet-mio. Here a p^ti bed ot 
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ooDglMnerata b seen dipping 2(f soath-eaBt in which I noticed the tusk of a small elephant* 
but too friable to be extracted from its hard matrix, together with other bones, all in a poor state, 
and more or less iigored by rolling about on a coarse shingle before their final consohdation. 

Next to the presence of siEcified wood, a remarlcable development of concretionary 
peroxide of iron seems to characterise the sand I am describing. The ore occurs occasionally 
as a thin band, up to perhaps a thickness of three inches, breaking up or jointing into 
rhomboidal concretionary masses of different sizes and shapes. More usually the ore occurs 
in the form of variously shaped concretions from one to four inches in length, though occa- 
BioDslly even larger. These concretions are found in both the sand and conglomerate, to 
vhich last when numerously developed they impart a peculiar varnished look, which miffht 
flomeiimes be almost styled (but for the technicality of the term) viscous or slaggy. The 
more usual shape of these concretions is flattish oval or amysdaloidal, but they occur spherical, 
cQboidal, cylindrical, with both flat and hemispherical ends, discoidal and any intermediate 
form, but always symmetrically proportioned, and the result of a segregative action or pro* 
oen in the clayey and ferruginous components of the bed when in a plastic condition. Of 
whatever shape however, their structure is extremely^ xmiform, consisting of an external crust 
of concentric layers of brown hsematite surrounding a kernel of pure white or yellowish 
daj, lying loose and shrunken in the interior. 

Externally these nodular concretions are roughened from the adhesion of the sand enve* 
kiptng them, but this rough crust scales off readify, leaving their surface perfectly smooth. 
Interaally they often present a blistered appearance from the mammillary crystallization 
of limonite wnich lines them, becoming on exposure to the atmosphere and rain lustrous and 
Tarnished. Where the bed has been of too harsh a character to permit the regular aegre- 
gatiou of the ore, it is found lining sinuous cavities in the coarse matrix, leaving flat, 
approximating walls, evidentiy produced by shrinks^, which gives such portions a very 
peculiar aspect and one which simulates a viscous condition. In some places even a botryoidal 
t^nctoTe is induced where the rock is less coarse.* 

The thickness of this upper sand cannot be closely estimated, but 40 feet is probably 
more than the average thickness of what now remains of it. 

(h), — ^Below the last described sand occurs a deposit of very uniform character composed 
of pale sOfy clay which passes upwards into the overlying sand. This silty clay is very 
fioe, thin bedded and homogeneous, with merely a few strings of sand here and there, and 
an occasional small pebble in the sand. It is everywhere seen at the base of the last bed 
into which it seems to pass, though their respective characters constitute a good means of 
demarcation between tnem. It is entirely devoid, as far as observation goes, of organic 
remains. A good section of this silty clay is seen south of Thanat-ua, between Al&n-mio 
and Eiungal^, but the bed presente no special point of interest. 

It is also largely exposed in section If miles east of Talok on ascending out of the 
stream (previously noticed as unmarked in the map), but it merely piesente the same uniform 
character and absence of fossils, which distinguish it elsewhere. Where the upper sands have 
been completely denuded so as to leave exposed a large area of this bed, an undulating country 
is the result, possessing a marked character. The surfrtce of the country does not there 
greatly differ in appearance from that seen within the area of the alluvium, and it would not 



* Under the Banaese role thli ore wia extenilTelj smelted, bot no ftanuuMS are now aoTwhere at work In the 
fiitfiet. Remtini of famaces which were merely reotanffular kllniL cut in the firm alluvial clay of some eteep 
buk, which gave eaay acceas at top for repleniihinff ore and fbel, and below for withdrawing the prodaots, ara 
BBmennui about Shuebandor, KinngaM, and xebor, together with alag-heape, aometimes of no inconsiderabla 
dimenslonB. Throughout the area of theee upper eande, however, ilag maj be found here and there eoattered aboirt» 
tt the iron-worken ehifted their ecene of operationa from spot to not, wherever charcoal and ore wae for tiie tima 
■UMt plentiliiL The works must have in many cases been conducted In the dry season only, as the hearths of soma 
fanaoes still standing open into the beds of streams which duxing rain would certainly have found an entzance 
to them. The blowing apparatus was probably the efl)9ctive veHieal qflinder bellows formed of large bamboos still 
hi use in the district by blacksmiths, but the oldest inhabitant could give me no particulars of the manufaetnre, 
as none of the class of iron-smelters now remain in the district. The introduction of English iron and steel hsa 
doabtlesfl been the main cause of the abolition of this branch of Industry, aided by the harsh and injurious system 
of the Burmese officials during the early stnu;gles with the British, but in some places it was alleged that the iron- 
worken had Had the eoeuntry to avoid belnff foroibly transported to Calcutta to make iron fbr the terrible foreignera. 
This may seem very absind, but those who know the ingnlned crednlltj and ignorance of Asiatlca wlU be inclined 
to give some weight to the reason stat«d, thongh it is probable that this fear, strongly as it may once have operated* 
Is no longer felt, though tha ataU of themarkat and the price of txon now ruling in Pegu prevents the resoseltatioa 
of the trade. 
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be easy in a timited space to discriminate the clay in question from the ordinary sUqtiiI 
day of the valley. Where, however, &eely exposed, it presents much the appearance of t 
* regur,' saye in color, which is a pale yellowish-gray, qnite devoid of any tinge of red which 
the allayial clay generally possesses, and e(}aally so of the dusky carbonaceous hue of a 
regur. From some peculiarity in its composition or hygrometric qualities it in dry weather 
opens out in great cracks, and is always covered with a sparse crop of stunted grass in 
separate tufts, and a tree jungle of a peculiar aspect from the dwarfed character of the 
trees composing it, present among which are the Toukkian (Terminalia nutcrocarpa), Te, 
{Diospyros. sp.), and the " Shabiu" of the Burmese (Phyllantkus emhlica).* The countiy 
around Laidi comprising the doab between the P ade and M yo-hla streams is composed of this 
day with sparing remnants here and there of the upper sands. It is largdy exposed, too, in 
the broad valley about Lepaldh (Let-pan-hla) and between that village andChouk-soung 
("stone fang"). Towards the mouth of the Myo-hla stream near Toukkian-daing, 
(Htouk-kyun-deing,) this clay forms the open country and is dug for making potteiy. 
It might here be readily mistaken for the alluvial day of the vallev, but &r the occuirence here 
and there strewed over it of small pieces of silicified wood derived from the denuded sands which 
once covered it. The thickness of this bed I cannot estimate, but I should not place it 
under 40 feet ; how much more cannot be determined. 

(e), — Below the last described clay, a group of beds occurs of rather varied character, 
resembling, to some extent, the beds both above and below it. It contains, though sparinglj, 
the same description of fossil wood as the sands at the top of the group, and some of its 
beds present characters very similar to portions of those beds ; whilst towards its base, it 
appears to pass insensibly into the lower group characterised by marine fossils. It is, 
however, generally very devoid of organic remains, though, as a convenient lower horizon to 
it, I have taken a sandstone which is generally recognisable where tiie junction is clear, by 
a few organic remains not very well preserved, among which a coral (Cladocora) is most 
characteristic, which we may regard as the highest menioer of the lower group. 

A section of these beds is seen in the Kini-choung (Eyeeneech) above Mogoung, 
which may be taken as illustrating their general character, and some portions so resemble tiie 
ossiferous sands and gravels of the upper beds that I searched confidently, though in vain, 
among them for like fossils. 

fDttemding). 

Pebbly sandstone ... ... ... ... Men, about ... SO 

Pale silty shale ... .*• ... ... ... ... ... S 6 

Very false-bedded pebbly aandstone ... ... ... ... ... 16 

Harsh sandstone, rather irregular ... ... ... ... ... 1 

Compact yellowish silt with a central band of kidney-shaped oodolea 1 to 2 feet 

in diajneter ... ... ... ... ... ... ... 

Gravelly sand 

Yellow pebbly sandstone ... ... ... ... ... ^ 

Pebbly conglomerate, looae and graTelly... 

74 9 

This section, though not a thick one, will illustrate the general character of the upper 
portion of this division (cj. The silty shale much resembles the shale in division h, wnilst 
the sands equally recall the uppermost sands, fa.J Close on the horizon of the above section 

* The clay above described and the sandy beds of the same group, respectively, offer good instances of tbe 
connection of particalar soils with particular kinds of vegetation. K> genendly does this hold good in Peim thtt m 
some instances it affords a good empirical criterion of the geological formation beneaUi. In the area of the foml- 
wood sands, the most prominent tree is the Eng ( Dtnteroearmi* grand^UtraJ, and this tree so commonly sffeeti a 
gandy soil that the Burmese call such soil^ whether within the Imiits of the fossil-wood sand proner or the Bone of 
detrital accumulations skirting the hills, ** Engdaing," or the tract of the Eng tree, and though, or course, Eng treas 
are found on other descriptions of soil, yet it Is on this sandy belt that the Eng flourishes most vigorootly Aom 
probably being there less competed with by other trees, well fitted as it for a sandy soil. The ** Thiya" fSkorea 
oiUua, WaU.) the ''Kanyln" (Dipteroearpiu alata, Wall,) and the " Engyin" fHopea tmava, WaU,) equally afltet the 
sandy " Engdaing," though not in sufficient numbers to characterise the forest. On the other hand, these tre^ 
abhor the cUv described above and are most miserably dwarfed on it. The Toukkian fTerminaUa maenemh 
though dwarfed, seems to answer best on this clay, but from some cause or other it does not seem favorable to vegetaaon. 
I thmk this must be due rather to its hygrometric properties, than to any injurious ingredient in it and that u 
artificially irrigated, it would give better promise to the cultivator than the dmsely wooded sands to which it onei« 
so nnpleaaant a contrast. 

Bamboos are not osnally mnoh developed on the Engdaing, and a striking demanation ii not nnf^aeoUy 
seen where the BngdaUiff meets the bounMrv of the older beds on which bamboos flourish with great Inzuiiance. 
The Burmese are fully aUve to this fact, and if an enquiry is made regarding a village, say, if it stand within tbe 
Engdaing, will answer it negatively, "it is among the bamboos," an aipreaslon auite equivalent in their minds to 
saying it is not on the Engdaing where bamboos are rare and never are the characterutic vegetation. 
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most probably be placed the Msiferous beds, at the top of the river reach above Talohxnhor 
(Keng^-yna in map), yellowish sands pebbly at top and passing up into rather soft conglo- 
mentio sandstone containing bones, both mammalian and chelonian, shark's teeth and 
vertebne, fossil-wood and rolled fragments of oysters and other shells. 

A small but instructive section is also seon of these beds in the MyonkNaweng, a little 
below Th am by agon (Tham-bya-ga-gon), where pale silty shales are seen supporting a great 
thickness of rusty incoherent sand traversed by thin layers of shale and a coarse quartzose 
conglomerate with clay galls and caveraous hollows incrusted with a layer of the brown 
bsmatite, as seen in some sandv beds of the upper division (a). In this conglomerate I found 
mammalian bones, shark's teeth, and a small log of fossil- wood about two feet long of very 
similar character, though less completely minerdized than that found so abundantly in bed a, 
Ko other fossils were discernible here, nor, as a rule, throughout this division, though towards 
its base, sandstones come in containing marine shells and corals, though neither plentifully 
nor well preserved. These marine beds, however, are naturally more connected with the 
great group which follows immediately below the present, and which nowhere contains the 
fossil-wood so characteristic of the present group. 

It only remains to add a few words on the very dose restriction to the eastward of 
fossil wood after leaving the area of the fossil- wood group. Nowhere within the area occupied 
bj this group is fossu wood, in pieces of the lai*gest dimensions, more liberally distributed 
than along the eastern margin of tne deposit along which it is evervwhere found abundantly, 
bat direcUy the boundary of the group is passed there is an almost complete absence of 
£3ssil wood, even in moderate sizea pieces. A very close and careful searcn in some of the 
hoger nullas may result in finding a piece here and there for some few miles from the 
boundarv* but that is all, and the question at once presents itself, — has this fossil-wood sand 
extended formerly across tiie ranges to the eastward and to the Sittang Valley, or was its 
extension in that direction limited by a boundary somewhat corresponding in its general 
direction with the present boundarv of the group P Without any detailed knowledge of the extent 
of the group on the eastern side of the Pegu range, we know the single fact that this 
fossil-wood group occurs in the Sittang Valley, and this and the presumed conformity of it 
with the lower group which constitutes the bulk of the intervening ranges of hills, would 
Rtrongly lead us to regard the group as having once stretched uninterruptedly from the valley 
of the Irawadi across that of the Sittang, or over the entire country bounded to west and 
east, respectively, by the Arakan and Poung Loung chains. That this must have been the 
case with the great bulk of miocene rocks so largely developed in this part of the Irawadi Valley 
is certain, but one argument, though a negative one, is, I think, sufficient to make us pause 
before accepting the idea of a continuous extension of the fossil-wood bed over the same 
area as those of the group below it. This argument is the absence which I have alluded to of 
fossil wood for a distance not far short of 60 miles, that is, throughout the entire breadth of 
coontiy occupied by the precipitous hills and tortuous streams of the Pegu range. When we 
reflect on the large size of some of the silicified trunks which may be said to strew the 
country along the eastern boundary of this gronp in Eastern Prome, and the abrupt 
cessation of any save the veriest traces thereof, and these but for a short distance fi!om the 
boundary, and consider also the imperishable character of much of this fossil wood as 
evinced bv its abundance in the hard and well worn gravels of the Irawadi Valley, we 
are irresistibly led to question the former extension of this fossil-wood bed across a 
belt of ooxmtr^ wherein it has left no traces. The evidence is about as forcible as negative 
evidence can be. Additional weight is also given to it by the fiict, that its admission presents 
no difficulties, but quite harmonises with the process which the geological history of 
the district seems to indicate as having occurred. We have only to suppose that the 
deposition of the vast series of miocene rocks developed in Pegu proceeded uniformly 
(during, possibly, a synchronous elevation, in a gradual manner, of the ocean bed) till 
the entire series, save the topmost members, had been deposited. Lacusti'inc conditions 
we may now presume to have supervened over portions at least of so large an area, and 
the elevation of the Pegn range of hills commencing; about this time would cause the 
first land to appear on a low belt of country occupying in its general arrangement the 
present line of the Pegu range. In other words, tne deposition of the uppermost beds 
of the gronp and notably of the fossil-wood sands would be arrested along a line of country 
not greatly differing from the present bonndarv of the g[roup. The elevation of the 
Pegu range and its corresponding dibturbancc of the adjoining strata certainly continued 
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down to a period BabMouent to the final deposition of the foMol-wood group, though from 
the mineral character or the apper beds, any movements they have Imbsb sabrjeiM to ire 
with difficulty determined, ana these moTements may have, to some eitent, inteifeied 
with the effect of a coup d'teil, but from seyeral points of elevated ground b^ond the 
wrea of the fossil-wood beds, I have been struck by the manner in which those beds 
were spread out ; on a lower level, in a fashion strongly suggestive of their accumulation 
under lacustrine conditions along a stretch of elevated country almost coincident with t^e 
present boundary. This is notably the case at the extreme north of the district near the 
British boxmdarv above Tej^bin and Bilugon, and is also to be remarked elsewhere, though 
the forest is so oense that it is rarely one is able to get a glimpse of any large extent of 
country. Had it been otherwise than here supposed, it would be extremely hard to under- 
stand now tiie imperishable testimony of fossil- wood logs and fragments had been so com- 
pletely removed from the hilly tract, where as a matter of fact they are wanting. They are 
certainly the hardest bodies met with, and having held their own among the quarfczose rocks 
which comprise the bulk of the Irawadi gravels, must, a forHcri, have no less suocessfully 
withstood the destructive action of denudation amidst the softer miocene beds which 
alone are met with in the Pegu ranges. I need not, however, dilate more on this subject, 
which will be readily enough cleared up when the geology of those regions above the present 
British frontier comes to be carefully examined into which these fossil woods extend, snd 
wherein they seem to be more largely developed than within British territory. 



MINERAL PRODUCE OF INDIA. 

Towards the close of the year 1868, I solicited from the Commissioner of Konuon 
(and some other officers) information as to the quantity and value of the minerals raised and 
brought to market within their jurisdiction. Such local operations, where minerals are 
raised solely for local use, and in reality are never exported, or, only in very small quanti- 
ties, even transported from one district to another, taken separately, are of small importance, 
but when aggregated for the country at large, thej represent an amount and value which 
must be very considerable. And these snukll local nuning operations can only become known 
by the assistance of the local officers. To Colonel H. Ramsay, C. B., Commissioner of Kumaon, 
I am indebted for the returns now given for JEumoon and Qwrhwal, The infomation 
lias been collected, under his orders, by Mr. Lawder, Civil Divisional Engineer, Kumaon. 
Mr. Lawder was for several years one of the office staff of the Geological Survey, and 
possessed, therefore, a general knowledge of the subject referred to him, and has evidentlj 
devoted himself with zeal to the collection and preparation of information. 

I was, I confess, surprised at the quantities stated to be raised and the extent of the mmeni 
industry. Viewed merely as a source of employment of labour, these returns show the equira- 
lent of the continuous labour during every day in the year oi no less than 164 p^ns, 
and yet the effect is scaroel^r felt beyond the narrow limits of the provinoe itself, excepting in so 
far as this local supply obviates the neoessify for imports of materials firom elsewhere. 

MiiniBALoaici.L Statistics of Kumaon Division, collected under instructions from 
THE CoMUissioNBB, CoLONBL H. Ramsat, C. B., by A. W. Lawpbb, Esq., Civil 
Divisional Engineer. 

My endeavours to collect reliable memoranda of the mineral resooroes of Kumaon have 
not been so successful in their result as I could have wished. The entire absence of reliable 
native information, and the general unwillingness exhibited by the inhabitants to speak 
at all on the matter, arising from the fear that any knowledge they might communicate 
would perhaps eventually be the cause of increased rental demand or of the appropriation 
hj the Government of the land in which the minerals occurred, have presentea msDJ 
difficulties. The information obtained from the Bhoteeas was given with great reluctance. 

Owing also to my havinp^ but little surplus time to devote to the full elucidation of the 
subject, the memoranda supplied here are doubtiess somewhat imperfect and incomplete ; mj 
duties, although carrying me to all parts of the Kumaon district, confine me (with eoni« 
exceptions) more partionkrly to the roads, and I have probably repeatedly passed by old 
mines, or places rich in minerals, in utter ignorance as to their existence, not to mention 
other places remote from any frequented thoroughfare. 
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In the fdlowing notes I am indebted to reports already published for much information. 

The principal economic products in the Kumaon Diyision are the following : gold ; copper; 
leftd ; iron ; arsenic ; sulphur ; alum ; lignite ; bitumen ; limestones ; flags ; slates, &o., &c. 



Detail of Localities. 

Kumaon District, 

CoFFBB.*^— Ores of this metal are found at Bai in Gnngoli, Sfra Barabfsf, 
Kharai, Kemokh^t (each bank of Laddja river), Geewar, Ac, &o. 

BaL^This mine is the principal one in the PuttL The ore is ehiefly {ryrites, 
sad oeenn in a matrix of steatitio and taloose schist. I visited these mines m tile 
wmterof 1868*d9, and found the mines closed up by a landslip, and tiie entrances full of 
viter. The ore is extracted by means of drifts slightly inolbung upwards to allow toft 
dninsge^ as appears to* be tlie mode most generaUy adopted ubroughout the hills. A 
specimen of ore which I found on the spot seemed rich. I also discovered slight traces of 
copper pyrites in quartmte near Gunai in Athagaon PuttL 

Sira Barabisl.-^fra in noted for its copner mine. ^ Dolomitic and taloose xocka Sum 
the gangue. The ore, is a mixture of copper ana iron pyrites. 

Kharai — Goul is the principal mine* ^ The ore b worked in the same manner as at Bat. 
Steatite and limestone are the neighbouring rocks, the former being the matrix principally* 

Kemokh^trHOopper is found in* small quantiij on the east bank of th^ Luddya 
met in Kali E^umaon. I have seen no specimen of the ore. 

Gee war. — ^There is % small mine of copper in this Putd. 

At Garung and Chinkakolly there are mines which have been closed for some time; 
ilso at Beler and Shore. 

IsoK. — Iron is found in Dhuniakote, Agar, Geewar^ Eutol^ Bamgurh, 
Tallf Bao, Chowgurka, &c.. Sic. 

Dhuniakote. — ^Therearethe remains of some mines or burrows just opposite the 
itaging bungalow on the left bank of the Khyma river. The ore is hiematite, occurring in 
insular masses in ouartzite. The rocks in tiie neighbomliood are moze or leas impregnated 
with oxide of iron* These mines are now unused. 

There is also a mine sonth of Semulkha in this Futt(, and another in Utehakote, 
kth sow oaworked* 

Agar. — ^This Putti is very rich in iron ore, almost every village having its mine. 
The ore seems to be a Inrown Immatite. It occurs here generally in beds or clefte, ^nd 
aometames in imgnlar masses. The rocks in the vicinity are silicious* Only a few of tiKse 
mines are now worked to any extent. 

Geewar.— Iron oocuxs in ouantity in the neighbourhood of the Tillages Khetsari, 
Maelchour, Tilwara, Simulkh^t, Gudi, and Burlgaon. . I can give no opioioft 
as to the kind of ore, having no specimens. 

KutoH.— At Suyalgarh there is some iron ore which is not at present worked 
to any extent. 

Bamgnrh.— Hiere are several mines in this Puttf, some largely worked. 

If unglal^kh. — This mine in Tullf Bao Puttf is highly esteemed for the qualify 
«f xti ore, which is raised in quantity. 

Changurka.— The ores of iron are plentiful in this Puttf, and are worked In some 
places. 

At Jhirratolf in Dardn the oie is magnetic. 

Dechouree and Khdrpatal.— There is not» I believe, any ore, being at present 
worked by the Kumaon Ironworks Company. 

Geafhitb. — ^This mineral crops out' at Kaleetnut lull to the north of Almorah in 
the Jag^sur range, and on the spur of Baninee Deve'^; facing Almorah on the 
Lohughat load. ' 
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QwrhxcaJL DUirkU 

QoLD: Sona Biyer. — ^This stream rises in the lower raiuiesof InDs, a&dj<ni» Uie 
Ramgunga river in Putti Dhun. Its sands yield gold, and tue bed of the Ramgimg^ 
helow the junction is anriferoos. The washing is not very profitable, scaicdy ayeragiug 
4 annas a day to each workman. 

Taluk a Ghandi.—- The stuids of the Ganges running throogh Chan d£ contam gold, 
bat the profit arising from the washing is not greater than in the Scoia river. 

Cox*FBB: Dewalgurh.— The Dhanpnr and Dhobri mines yielded lai*gdj in 
former times, but of late years operations have not been so vigorously carried on, owmg to 
the intrioapy of the workings, uid the idea prevaiUng among the miners that very Bttfe ore 
remains in the mines. The ores are prineipally copper pyrites, and grey or vitrsons copper 
ore, with the red oxide and green carbonate in smaller qnanntiea* The matiis is calcanons. 
CUeDft k asBodated with the copper ore. 

Nagpdr. — ^There a» several mines here none of which appear to be at present woxM. 

LxAD: Dhanpur; Tacheeda. — Theso^ noines do not seem to be extensively carried 
on. The ore is galena» and the matrix principally of silex, with varying proportions o^ 
fekpar and calospar. 

There are some lead mines at Ghertee in the snowy range between Hilum and 
Kiti which have been long since deserted, also at Ballnm, Bamskum on banks of the 
Goree river, and Baidlee Baghir. 

iBOiTf TullfChandpoor.— This ore is probably a haomatitQ with a little magnetic 
iron. It has a slight repelung action upon the needle. 

Tulli Kalfphat. — ^This specimen resembles specular iron ore. 

MnlH Dussoli.-- ^e specimens are highly magnetic and rich in ore. 

Tulla Chandptir, Bajbtinga. — I!his hsematite ore is largely worked. 

Nagptir. — This ore ^ves no definite result with the ordinary rough testo. It may 
possibly be a carbonate of iron. 

Lohba.— Here a rich hsematite is nused in quantity. 

Malla Nag pur. — TSoa ore is most probably hnmatite. 

Painu.— This ore is brittle and hard, and possesses the iron Uack colour and metallic 
^nstre gf magnetic iron* b«t I3ie specimens of it failed to.affeot the oompass in the manner 
characteristic of that ore. It may possibly on analysis be found to contam manganese^ ind 
if so, it will be an interesting minmlogical discovery. 

Iriakote.— It is difficult to sav what form of ore this is. Its streak fiuls to convey a 
definite idea of its oompositioa. It would appear to be an hydhx)us form of sesquioodde of iron. 

PokrL — These mines have been reported on by several officers. 

ScTLFHim.—- This mineral is found both in Kumaon and GnihwaL In the fonner 
district at Moonsyaree, in the northern parts of the district, and tiiere aane also some 
sulphureous springs, as that at Nynee Tal. In Gurhwal it is found in the range of bills 
to the north of the Pindur river within a eouple of maxohesof Nnndpriag; also at 
MuUa Nagpur and Mulli Dussolf, but is not now collected to any extent. 

Absbkic. — Yellow arsenic {Huriial) is found in the northern parts of the district near 
Moonsyaree. Only small quantities are brought down to the Bag^ur Fair by the Bhooteas. 

LiGNiTB.— Indications of lignite appear near Raneebagh, dose to Huldwani, and 
in the streams of the sub-Himalayas nodu of Nujibabad. They do not give promise of 
any workable fuel, and judging from the exijerienco obtained in other parts of the hiUs, it k 
questionable whether any lignite deposits will ever be diacovered of sndi extent that tiiey 
will repay the cost of opening them up. 

An analysis of a specimen of the B a n f b a gh lignite gave— 

Carbon .„ ... .„ .., „. 600 

Volatile matter .,. ... ... ... ... 36 1. 

Aiih ... ... ... ... • . 36 
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1%e penentsge of aah 8*6 oontrasts fa^onbly with that of the ordinary IiidiftTi 
coal raised in Bengal. 'The ash is eobred hj the pteeenoe of iron. 

BiTUMSK or mineral resin (Salajit*) occurs near the summit of many mountaius where 
it exudes from crevices in the rocks. 

In the neighhourhood of Kotegaon, Go w arse o, south of Paoroe, it is seen -near 
the top of huvB ciifib, and is worked oy nathres hy means of a seaffoldinK suspended 'from 
the summit. I am unahle to state the amount of it extracted. It is gener^^ used as a medi-' 
doe and exported to the phuns. Medicine from ScdajU is iJso prepared in Gunguli 
inEumaon, but I have been unahle to ascertain from whence the mmeral is originally 
obtaiued. 

LncsBTONS.— The Eumaon hills are prolific in limestones, occurring both in immense 
mmes, «xhiUti]ig various skadBs of color and structure, and as local Tu£& dspoaitB. 

In the newer geological formations of the lower hills it occurs sometimes as a light- 
otoed ndc, and sometimes aa the cementing material in conglomerate beds and very frequently 
IB T«& deposited by local springs and stresums. The process of deposition is most aoCive 
iaring tiie monsoon rains, and in nearly all the springs emanating from limestone rooks, the 
mien ais highly ohaiged with calcareous matter. 

^Aese tufaceous deposits occur less frequentlv in the higher ran^, but there the blue 
bard linrestones generally containing silex, and other hard varieties, prevail, formins^ well 
defined beds, and m many instances they are the predominant rocks of some of the urger 
hill nms. SmaU blodka of verv pure black limestones are sometimes to be met idth, and I 
hsm pidked up some small &odafi98 of kunkur in the Lu ddy a river. 

Hie principal material utilized by the natives of this district is Tnfii, it befng more 
eaaHj bunt aftid.pepared, and move sui&ble to the kutoha kilns in oviinaiy unw Where it 
has IB its oompositimi a little iron it seems to yield a strong mortar. 

^ The localitiM in which lime is manuikctured are very numerous, the most important 
beiBg Naini Tal and Jeoll for use in the neighbourhood. 

In the Kharai range, half-way between Bag ^sur and A 1 m o r a h, from which the latter 
lUUon is almost whoUy supplied. At Chitaili, in the hills north of Dwara Hat; at 
Simnlkha, Baital dhat, and Dekoli, in the Sosi valley, for consumption in the 
works in progress in the new militarv station at Banikh^t, and on the new cart-road from 
th^nee to Bami^i^gar. Theie is uso lime^ somewhat siliciousi in Agar Fnttl, in the 
BethaQAr range* AthagaoA^ and in almost all the hiUs in Gunguli. At Bam^sur 
itBkirtstiieiDadfor miles. . . 

It alsa oeeurs near Khyrna on the Almorah road, at Mulwa Tal, and in Geewar, &e, 

Booniro Slatbs, ^. — Boofing flags are very plentiful in the district of Kumaon, and 
aie generally micaceous or chloritic 

At ChiiaiH near Dwara Hat there are some beds of impeifectiy metamorphosed 
diy slate,, thaplanea of cleavage seeming to oocur almost in the same lines with the bedding. 
Hie quarry was formerly used to some purpose, but owing to the neglect of fonner owners, it 
hai been ior years filled up with debris, so that I was unable to obsore the beds properly. 

Clay slate ooours also in the neighbourhood of NainC TaL but the cleavage is im- 
perfedlr develqied. There area coiq^le of quarries on the banks of the Bamgunga in 
Suit PttitL 

BiTiLMifO Sromw.— Almost everywhere- in the district within easy reach good 
hoflding stone is to be had. At Almorah fine-grained evenly-bedded qnartzites and 
mica schist form the hill itself and supply material not to be excelled for 



* Mr. Lawder \a hero in onor in calling StOaiU bitumen or minena resin. It is an alum ot naliTa milphato 
of dnmiaa which forms on the aluminous shales in the hlUa. At least such is the Salaiit of Nepal, where it is 
veil known and fnnn which it is more largely exported than iVom Kumaon. Wonderfdl mMiciaal virtues are 
attribnted to It, and in the plalna it often sells for its w^ht in silver (see Notice of a native sulphate of alumimi 
ftanthe alnminoua rocks of Nepal, by J. Stevenson, &q., Snpt, H. C. Saltpetre Factories: Journal, Asiatic 
Society. Bengal, Vol II, p. 321. Also On the alum or Saliiuit., of Nepal ^y A. OampboU, Assistant Sur- 
p(ni.Ac*o., QfU, P. 483; also a second note by Mr. Stevenson, p. 606). Whether the mineral referted to 
oy Mr. Uwder be really the same as Sala^ii I cannot aaeert,— T. Owhajc. 
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facility of drcMiDg. Kica Ktuat attm t to fbnn tbe ptinnpd bcdi !ot 
to the out kod wnt of Altuorah, naeliing to Dwark Hat tnd Uuii 
FaU, RantkL^t, Siaht, DevE, Dole, and tovarda KaH EuniKn 
id also in the foimatjon of tbe Jag^sur and Binaar ranges to tteiMttli. 

Tal tlie stoQBa uaed are limeatone and claj sebiiL 
h(i a pale colored gneoM forma botli a handaotne and a lattang bmUng 

ia abnndanti J fomid in Uie lower hilli. 

[ chlorite aehist are lued frequently ai building atonea in the diatricL 

The oluef importationa are Boux (ll&tal),SALT, and Gold Enm Thibet 



i!t«d from Jnae to September asd sold at tiie Mveral fair* — Qanpa, Gnpi 
Inm, Chakra, Taklakhal, Dhabakar, Aa. It is pnichaMd here b; Uii 
and bnogbt down to Bag^nr. At theae fiurs the price of erode bcni it 
r 2 Bnpees per mannd ^bont SO leera), and in the aame state it 6AAh 
9 per maand at the Bag^sur Fair, which is the chief mart of lb 
I. The boras bought up here is despatched to Ram n agar, where it is refined 
if at ahoat Bs. 22 -to 24> the maoud. 

Dm the ByaitEe, Chowdanis, and Darma FaMea trnmci siki t! 
ihala and Bormdeo, and the Gurhwal Bhootcas from Niti at Kanawii 
t, oearij all the borax is disposed of to pkins tfaders— 
onnt of borax brought tbroogfi Hilnm Pasi in 1B68-69 ... 17,000 udt. 

onntof borax bT0DghtthR>iighDarm>andBjaDaeinl868-6e... lj>,000 . 
o«nt of borax brought tbrongb fiiti and Mana in 1868-69 ... ISjOX > 

TOTU ... 47,000 nk 

foond at Rhndnk in Thibet, and Uaotdat the Mme fain as borax. Iti) 
lungsakka in Th^t— 

rant imported tiM tbe Jowar Pan (Htlnm) in 1S6S-60 ... 4,000 ndi 

rant imported nd Dirma and Bjsnse in 1868.68 ... 8,000 . 

rant imported vtd Niti and Hana in 1868.6& ... ... ^000 „ 



ToTXL ... 9,000 a 



chased in Thibet at the rate of 1 Rapee 13 annas per maond (itMgUj 
lid at ^g^nr or Almorah at from 6 to 6 Rupee* per mumd. AJmoet all 
1 from Thibet ia oonsnmed in the bUls. 

found in many of the rivers in Thibet; at Silnngsakka, £c. ; it is sold at (be 
e tatt and borax either in nonets or in grains. About 10 to 13,000 
ia bronght down annually, aome of which ia disposed of in the lull 
son and Qnrhwal), probably about one-third, and the t * ' " — ' 
ray to Delhi, Agra, &a., Ac It ia sometimes fonnd to 
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Ciptaa Ctantii], in 8almnt(jngtiieniimnioalxetomfinm<jhv 

'* Tbe mtnm lias been prepared from statonients sent in by Patwareee, and I do not ^iak 
tttf pmi vdiuioe ean be placed on their comctaeM, at it niuit have been moet diffionlt for 
(hea to find ont the infbnnation ivquiied; the peoj^le working the minea themeelvee not 
Maag the elightert idea of the amount of ore they either oollact or sell. 

''The copper mines in Dh4npnr nsed formerly to bring in a much larger revenue than 

tiiey BOW do ; the &et being that the shafts have been sank so deep into the hill, and the • | 

piBBiges'Sxe so intricate, that very few people will venture into them. The miners abo say; > 

tibatne minea am nearly walked ont. { ; 

"There is, one may say, no export of ores firom this district, the mines worked only 
Iwing sufficient to snpply the wants oi the people. 

"IrM^ that I cannot give farther informationa bat the agency at my disposal ia*. 
too limited to enable me to collate any that I woald deem trustworthy." 

Ui Mf 1860. A. W. Lawbib* 

!Die mineB notrnd in the above letmi have been known for many yean. Some of 
than woe noticed by the eariiest Eiaepean visiton to these hills. And when thera was no^ 
wrmnmiication with otiier conntriea and no snpply of imported metal, they were natarally of 
Ui^importamoe nnd of greater vahie than m later years, when their nideljr eztraeted 
prodnctB have had to contend with European, maaufactagei. The earliest description, in <h^> 
idaift of these 8onroe8t>f mineral wealth was given by Csptain J. D. Herbert in X8S^ 
in liis rejport on the mineral productions of that part of the Himalaya mountains between 

the Sotlfg and K&li (G6gra) riverB, Sm, (Asiatic Besearches, xviii, Pt 1, 227). In this almost i. 

ereij looility noted above is mentioned. Dh&npur and Dhobri at that tixne paid, a revenoa i 

or royalty for the right of working of Bs. 1,200 per annum ; Gangdli and Sira of Bs. 1,000 j i* 

Pokn fis. 000. The localities, modes of workinj^^ and rocks are described, and the meaof C 

of improvement noted. The iron and lead mmes are also noticed, as well as the non* 
metalGo products of the hills-*sulphur, idum, bitumen, graphite, boraz» limeatoncy Ac., Ac* 
Tb inaccessibiHty of the various places is also noticed. 

In 18^ a report on the copper mines of Kumaon by Captain H. Draamumd appearod' ; 

in the Journal of the Asiatic Society of Beugal (voL vii, p. 934). In this he ffives the results I 

of an examination of many of the mines by a practical Cornish miner, Mr. Wukin, whom l», » 

bad brought out from England. The E^re (Bai) and the Sheera (Sira) mines,^ both noticed • 

sbore, are specioJly referred to.^ Mr. mlkin recommended certain trisis and improvemei^ts 
in the mode of working, taking a favorable view of the prospects. An experimental trial 
via then made with (^ view of epeoing a regular mine at Pokri, in Ghirhml. Extensive 
vorkinga had. iMre been carried on £om very early times, and one mine^ called the Bijah 
Khk or I^idili^mine, had, it is said, yielded in one year more than Bs*. 60,000. At the 
time alluded to (1838-39) the right of mining was leased for Bs. 100 per annum. Two 
^Uerifis or a^ts'were OQipmenced* one in each of the two Mvioes in whien the copper was 
known to occur, the B^jah Eh&n and the Chumitti ravines, about 500 ywda apait; > Up 
to Kay 1839, 149| feet had been opened in the Bigah Eh6n dnfl, and 111 feet in the other* 
(Lieatenant Glasford, On the experimental copper mine in Eumaon^ Jour. Asiai. Soc, Beng., 
nil, 471). 

The work was continued until Jane XBiiU^ when the estimated oost had been Ing^ 
^EBeeded, and as no sufficient returns were obtained, the trial was finally stopped. At thsK 
^ ^7i fathoms of ground had been driven through. In addition to the two old minea 
ii^^ticed above, the Bajah's and Chumitti (or Chaomnttee), a new opening was made, when good 
^odmens oi ore were found near the surface, but at a depth of 16 fiiuioms ihey ceased, and 
^ 29^ fathoms it was abandoned. Details are given by Mr. Wilkin as to other mines ia 
tAo neighbourhood of Pokri also. ! 

The total sum expended in tins experimental trial was Bs. 7,884 and there was realized by 
^ of ocmper during the time Bs. 779^. Mr. Lushington, who gives these details, mentions 
tke real obstades to sneosss wMoh have to be contended with. The distance of the mines 
&nn the plains, the slowness and ^txpiense of ctirriage^ the cheapness and abundance of 
^B^Iiah copper, the superficiality of tiio minea yet known^ and the want of coalvre all 
««noqs drawbacks. 
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At the tine Hr. Imtlthig^tan wrote (lB43)tliemmea of DUnpnr were rented far Bs.l;70n 
fei tiumm in 1812. Under the Ohoorkft Gorenunent, the le&t Died for mbiM for the «hiie 
provinoe wu only Be. 3,600 (Compkaj's Bapeei). Sinee 1816, when KnauMn wm smqund 
ij the British, up to 1846, &« aoeraae revenue d^ved bj the Brituh QoTsnunent «u Air 
copper in Kamaon Rs. 800 to 1,200, in GurhwiJ Be. 2,086, the higheat revenne tbr euj jtn, 
for all mines being Ba. 6,417. Iron yielded aa average of Be. 1,SOO in Eumaon, and B*. iS6 
in Qurhwal. (Acconut of experiment at Khotree copper mine, with notioes of otiier ccppa 
minea, bj G. S. Loiihington, Esq., Commieiiooer, (Jour. Asiat. Soc, Beng., xii., 163). 

Agun, in September ISIS, Hr. Sigiemnnd Beckendorf, Mining Bogmeer, r^wted to 
the same mines, {Jour. AsiaL 8oc., Beng., xiv, 471). Dhinpur and Fokn aie on inwwte 
■ides of the Douliganga, each about six niilea from the river, or 12 milea apart. DUapir 
is 1,000 to 1,500 feet higher than Pokri. Both are said to be on the same lavsr of \tkott 
•Ute, which is stated to head north-15°-west Mr. Keokendorf thtnka, indeed, t£at the whole 
of the known copper mines ttoxa the Nepal terai on the east to bejond the Pokri nun o° 
thq west are oolv-. parte of one layer of no great thickness, sab-divided oofasifmaBj into 
two or three I He considers the ore not to ooaur in a regolar tode or vein, bat in ■ ted. 
He t^ogh^ all previous trials had been misdirsetod, aa they had been earried oat in tbi 
old woTung*, aod that new ground altogether ou^t to be opened up. He finaud a midi 
poorer idea of the chances of aoooese at Dhobrf, but oonudefed liiat eTeiything tended te 
■how t^t at Pokri copper could be obtuned in large quantity. Ua nrgntly iKfimtm, 
however, Uovonment attempting anything itael£ 

In 1864 the Honthi Court of Directors sent out Mr. W. Jory Henwood, with two 
mining assistants and an iron smelter, to examine and report on the metalliferoot deponli 
of Enmaon and Gurfawal. After going over all the diatncta, Hr. Henwood reportM in 
May, 18S6. This report gives much neefhl information, but, so &r as regards tDe oDjiper 
minee, the opinion formed was most nn&vonble, and indeed oondemnatorv. Speaking ot 
Pokri he Bays: "We have never before seen a spot so sean til j sprinkled 'with ore, ud 
oaring, in our jndgment, so small a prospect of improvement eo extensively and persermngij 
Wotted." ' (Beleetions from Becords of Cloremment of India, Home Department, viii, p. 5)- 
The greater part of the report ia devoted to the rich iron deposits of theae bills, regudng 
«tudi we dUinot at present s^e^. 

this (18C6) I know of no ■fstematio attempt to work the copper 



in a wretchedly Insecure way a few hundred maunds of ores, an amount which, frno 
Mr. Lftwder's retnms given above, appears to be more considerable than I should have npectM- 
The Geological Survey has not yet had an opportunity of visiting these hills, 
OeUiitr, 1669. T. 0U>H11I. 



COAL-PIELD NEAB CHANDA, CBHTRAL PBOVINCBS. 

Since Qie firrt notice of this field was j^nhlished in the Becords of the Qeolo^ctl Surve; 
fAngust 1868, p. 23), a i^stematic exammation of the field has been eommenoed. It "* 
fUly pointed ont by Mr. W. Blanford, in the paper referred to, that the country was in !»«* 
so covered that it would be impossible to obtain any satjsfactory knowledge of its itrictun 
withoKt boring or sinking. Sinee then two skilled borers teoA boring tools hsn ^ 
obtained &am England, and further sets of tools are on their way. The season bad aliwj 
ikr advanced btdbre these were available, and as the runs were then near at bsadi it ^ 
conndered deairabla that theae men who had iurt arrived, ud who were tberefi^ Vt"^ 
unacquainted with tfae pecnliaritiea of life in this ooontry and of the climate in iriiieli tbn 
ware t« wwk, should, ftar a time at least, be ke^ <riiere good house belter could be obtanm- 
The work was phHjed under the immediate charge of Mr. M. Fryar, M. E., Mininf ^^rllr 
on ' the Qeological Survey. And he waa requested to select apota for boring within reseh " 
Chanda or Kukipur during the rainy season and to keep the men at brat togetlier, •> 
that thej could ud one another in any difficulty which might ooonr at first startjag- 

Under Mr. Fryar's instmotions the first bore-hole was commenced in the begii""''^ 
<£ Jone. This bore-hole (No. 1) was very ntar the eeuth-east oomer of the boun^.'" 
the Nuggeena Bagh, north of the native town of Chanda. This bore was put dotm »> '^ 
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and wu then stopped, " as the material bored throngfa continued to be simply stiff sand." 
A second bore was then commenced about 230 feet from the first, in the direction of the dip 
of the rocksy— ^bottt east>16^-north. This passed through the following section :<— 



Total 



Feet. 

12 

8 

20 

40 



Inches. 
or oehxey srenaoeoiu shale. 
Soft shile of deep red and parpK 
Of the eame material as found in 



le colour. 
No. 1 borc-holc. 



At this depth, 40 feet, this bore-hole was also stopped. 

No. 3 was then commenced at about 450 yards still further in the direction of the dip, 
or into the field, or about 627 yards from No. 1. This bore-hole was near the junction of 
the Ghimoor road and the Nagpnr road, its bearing from No. 1 (magnetic) being about 
north-SS^'-east. 

This third boring gave the following section :— • 



Feet Inches. 




6 





Brown soil. 


11 





Bedbroogel. 


3 


•0 


Brown sand. 


1 





Hard red ironstone. 


17 





Light pipe clay. 


2 





Dark brown claj. 


12 





Soft liffht sandstone. 
Light Drown sandstone. 


3 





10 





Light oolored sandstone. 


7 





Yellow sandstone. 


2 





4 
26 






Verr dark sandr shale. 
Vunegated sandstone. 


10 





Tellow sandstone. 


11 





Brown sandstone. 


9 







1 





Coarse brown sand. 


26 





Variegated sandstone. 


2 





Light blue sandy shale. 


2 





Good eoal (a). 


12 





Verr dark blue shale, a little sandy. 
Light blue sandstone, a little shaly. 


7 





24 





Light colored sandstone. 


1 


6 


Black shale mixed with eoal (hj. 


16 





Tight blue sandstone. 


1 





Dark sandy shale. 





6 


Iron pyrites. 


18 






TbCal ^242 

''And as in this depth we have entered something of a Talchir appearance, I hare 
stopped this hole and commenced one at Ballarpur." (Mr. Fryar's report, a4th July). 

Specimens of the coaU passed through in this pit, as brought up by the pump, were 
M»yed, and yielded— 

Carbon. Volatile. Ash. 
(q) two feet bed ... ... ... 47'8 41*0 11*2 

(hJ eighteen inch bed... ... ... 42*7 41*2 16*1 

^tJipoor coals, neither containing 60 per cent, of carbon. The beds are also from their' small 
tflickness unworkable with profit at that depth. 

A. fourth boring was made near the d&k bungalow to the west b^ south, and between 
the bungalow and the Jhurput naku This (No. 4) was put down with small rods, " and 
^gbt to have entered coal a few feet from the sur&ce, if the apparent dip of rocks at the 
surface had been a guide approximately to the dip of the eoal beds below." (Mr. Fryar, 28th 
July). This boring was aoout 500 feet to the west of one put down by Mr. Binnie, C. E., 
^ which coal was said to have been cut. No. 4 did not reach coal, and was abandoned. 

Preparations were made for a fifth boring (No. 5) about six chains from the Jhurput 
^ on the left bank, due south of the town c? Chanda, but no boring was carried out here. 

. At Ballarpur, the first boring alluded to above was put down on the left bank of the 
^^cr, nearly opposite the point where coal is seen on the right or Hydrabad side of the river, 
*«d about 300 feet from the river bank. This position was iniudiciously selected, as 
pn)ved to be the case. It was in fact within the limits of the old bed of the river, and was 



96 Secords of tie Geological Survey of India, [vol. ii. 

abandoned, as there was not tubing "enongb to cany the hole throogh the numuig eand 
and gravel met with." This diffiocd^ might oeHaunly have been avoided, but unfbitiuiateif it 
was not. The probability was in &ot pointed ont in April 1867 (see p. 26, Eeoooda, 6eol(»caI 
Survey of India, 1868), where it is said, ** in sinking upon the Ch«ida side, it is £ur uom 
improbable that only alluvial daj mav be met to the depth mentioned." ^ The boring tools 
were then shifted to a second position wnore rocks were visible close by. This second hole was 
pat down about a mile to the north-east near the town of Ballarpur (less than half a mile). 
This boring was carried down to a total depth of 236 feet. 

The following is the section passed through : — 

Bed iron brongel (moonun). 

Soft brown Hnditone. 

Stronir blue clay. 

Very dark>red Muidstone mixed with iron. 

Brown aandeUme. 

Soft U^t colored sandstone. 

Variegated landstone. 

Bed landy clay. 

Dark colored sandstone. 

Brown sandstone. 

Hard red sandstone mixed with iron. 

Brown sandstone, with mica. 

Yellow sandstont. 

Good coal. 

Black shale. 

Goodeoof. 

Very dark shale. 

Green looking sandstone (blodsh). 

Dark-blue sandstone mixed with shale. 

Ught colored sandstone. 

Iron pyrites. 

Light colored sandsUme. 

Black shale, a little coaly. 

Dark bliM sandstone mixed with shale. 

Light colored sandstone. 

Iron pyrites. 

Light colored sandstone. 

Black shale, a little eoa^. 

Dark colored sandstone, a Uttle ahaly. 

Iron pyrites. 

Light colored sandstone. 





Feet. 


Inches. 




S 







6 





« 


9 







2 







10 







ao 







12 







1 







6 







S 







1 







10 







16 










8 







» 




1 


6 




2 







8 







10 







SB 










9 




26 







2 


10 




10 







26 










9 







9 




3 







11 


6 




1 


6 




1 


6 


Total ... S96 


"7 



Mr. Fxyar reported on the 16th September that he had ordered this hole to be stopped, 
« as we are evidently in the Talchir sandstones." He adds, ' you will observe a similan^jr of 
section by comparing the second hole at Ballarpur with the No. 8 one at Chanda' (given 
above). There is doubtless some little similarity, but I am unable to see the proof that the 
bore was evidently in the Talohir beds. 

The boring rods were then moved from Ballarpur to a point on the road to Moolk from 
Chanda, between two and three miles from Chanda town, near the place where the road crosses 
the Jhorpnt nala, in the oomer between the stream and the road to the south of the road. 
This bonng was in progress up to date of last report, and t>n the 12th instant had reached s 
total depth of 124 feet 6 inches. The following is the section :<— 

Feet Inches. 

Loose sand snd loamy soil. 

Yellow sandstone and bands of iroiutone. 

Hard red ironstone. 

Variegated sandstone, with little clay. 

Soft red ironstone. 

Ironstone band. 

Bed sandstone mixed with Iron. 

Ydlow sandstone. 

Variegated sandstone. 

Yellow sandstone. 

Very hard red rock. 

Brown sandstone. 

Light brown sandstone. 

Light red sandstone. 

Coarse light brown sandstone. 

Hard red rocks. 

Variegated sandstone. 





6 







6 


8 




1 


S 




7 







11 










6 




8 







4 







11 







1 


10 







8 




7 


6 




28 







9 







1 







2 


6 




20 







■ . 


^- 


Total ... 121 


6 
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It is eTid«nt that the rods have not yet toached a bed of the coal-bearing rocks in this 
wctioo, all the beds passed through belonging to the Upper or Ptochet series. 

Reviewing the results thus obtained, we find that borings at Chanda^ which are repre- { 

tented as having passed through the entire thickness of the coal-bearing rocks there, and 
to have pierced the Talchir oeds below, (in which no coal is known), exposed only two thin 
beds of poor coal, so thin as to be unworkable. While at Ballarpur also, a boring of about 
the same depth (about 240 feet), said in like manner to have ^ne through the entire thick* 
Des of the ooal-bearing rocks and to have pierced the Talchirs, showed also two beds of 
OQsl, one of 18 inches, one of 9 inches in thickness. 

It need scarcely be said that none of these are workable at the depth at which they 
occur. 



Before these eiplorations had oommenoed, Migor Lucie Smith, Deputy Commia- 
sooer of Chanda, who deserves the highest credit for Hie sustained zeal and intelligent 
euneitoess with -which he has prosecuted these enquiries, had a pit opened on the bed of coal 
vifiUe in the Wurda channel, near Ck)ogooe, or*(?hendoor. And from the coal there met with, 
at a depth of dO feet below the suxfj^ a considerable quantity was raised for experimental 
tzials to which I will presentlv refer. As, however, this pit was within the limits of the 
ordinary flood level of the Wuroa, a bore-hole was put down about 390 yards from the buik 
of the river and nearlv in the line of strike of the beds. This bore-hole was carried out 
bf Coru>ral Carson, of tiie Public Works Department,^ under the orden of Msjor Lucie 
SmiUi, Mr. Fxyar also assisting. As was tolerably certain at such a distance the coal was 
fiMind to continue. This bore-hole was sunk altogether to 121 feet 6 inches, and gave the 
fitUowing section :•— 

Vw«. InslMSf 

Sarfseo claj. 

Bed moonuxL 

Variegated WMlitOM. 

White aandstone. 

Yellow day. 

Dark-browii elaj. 

Blaek ehale. 

Cm/. 

Dark eandy shale. 

Bine ihale. 
Cbol. 

miied wit^ iron pjiitaa. 
CoaL 
Shale. 
C^a/. 

Total ... ISI 6 

Below this is white sandstone streaked with bhick shale. It is much to be regretted 
thit the boring was not continued, so as to ascertain the thidhiess of the formation hen 
ttd tiie position of this thick deposit of coal in it 

The coal having thus been proved here, a pit was oommenoed and is now in progress. 

A second bore-hole was then commenced about a mile to the south, and to the west a 
Httle south of the village of Googoos. This is as nearly as can be the locality recommended 
^ the Geokigieal Survey in 1867. "about 900 yards west of the village of Googoos." 
Ail bore-hole was carried down in all about 112 fiset, giving the following section :— 



3 





6 





40 





8 





n 





10 





8 





3 





3 





3 





5 


6 


13 





4 





5 





• 


s 


11 


« 



a 





Snr&eeelaj. 


a 





Variegated aandstone. 





S 


Ifoprtoae. 


u 


6 


Variegated aandatone. 


2 


6 


Bediock. 


4 





TeUov elaj. 


6 





Bark ihaly day. 


S 


• 


Shale. 


3 





QrioMan colored aandatone. 


17 





ClaY and aand. 

Light eolofed aandatone. 


30 





7 





Variegat«d aandatone. 



Total .. Ill 



i 



•V 

I 



i; 
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At thiR depth the mineral lifter jammed, and ai\er several dajs' nnaTailtng efforts to 
lift it, it became evident that it wonld be necessary to sink to it, in order to relieve the took 
After some delay this sinking is now in progress and had reached 27 feet on the 12t]i instant 

Such is the progress made in the exploration of the field. 

As regards the important qaestion of the qualilr of the coal, several trials have been 
made. The coal raised irom the pit near Googoos was first sent to the Great Indian Penin- 
solar Railway for trial in their locomotives. The Locomotive Superintendent reported on the 
16th April "that the coal was not suitable for locomotive purposes, being very dirtj. Out of 
1 ton 4 cwt. used, there were 6 cwt. of clinker, but very little in the smoke-box, with a load 
of 4 cotton wagons and one brake. Great quantities of sparks came out from the chimney, 
and remained on fire for some time. From Boorhanpore to Khundwa, the brake-van alone 
was attached to the engine, and although the fire had been cleaned at Chandnee station, it 
had to be cleaned again before getting to Dongergaon (17 miles). We oould not get a welding 
heat with the coal, although it contains great quantities of gas." 

The fire-boxes on the Great Indian Peninsular Railway are constructed to suit EngM 
coal, and the engineers are accustomed to its use. There appeared, therefore, sound reason for 
not admitting this to be a conclusive trial. More coal was raised, and better coal selected, 
and this was sent to the East Indian Railway at Jubbnlpore, some to the works in progress 
under the Public Works Department at the Kanhan bridge, and also a second supply to the 
Great Indian Peninsular Railway. The results of these trials are decidedly encouraging. It 
is said that the coal took the tram on the Great Indian Peninsular Railway down as far as 
Budnaira (100 miles) without difficulty ; the engineers were agreeably surprised with its 
capabilities, but did not " think it quite up to the mark." At the Kannan bridge works, it 
was tested in a small portable engine. ** With Chanda coal steam was got up in 1 nour and 35 
minutes with a consumption of 360^., the coal being wet, a strong breeze blowing and rain 
falling at the time. The coal burnt dear, and freely and very clean, leaving a smaUresidae of 
gray ash witiiout dinkers, and evaporated on the average ^^. of water per 1ft. of coal consumed. 
With English coal steam was raised in 1 hour 35 minutes, with a oonaumption of SSfts., the 
ooal being drier, but small and deteriorated from ex^ure, but the weather was fine at this 
part of the day and very little wind. The evaporation was at tiie rate of 6*5fiM. of water 
per lib. of coaL" The Chanda coal is specially noted as " burning dean." 

The trial on the East Indian Railway was the only one in which the Chanda ooal wis 
compared with other Indian ooal. " The Locomotive Superintendent reports that the con- 
sumption of Chanda ooal on two trials was 88f cwts. and 85 cwts. per 100 miles, again^ 
67 cwts. of Ranigui^ coal for the same distance. The coal did not work well at first, partly* it 
appears, owing to the construction of the fire-boxes, and partly, perhaps, to the stormy weather 
in which one of the trials was made, but it did better afterwaids." 

These trials show the ' duty' of the coal to be as compared with English coal f sm^II 
and deteriorated by exposure') as 4 : 6*5, or 61 per oent., or, in other words, it is f ths worse 
than this English coal. 

As compared with Ranigu^j coal, its duty was as 67 to 87 (mean of 8875 and 85), 
or 77 per cent, or nearly ith worse. It is not stated what " Ranigui\j" coal was in use. 

The coal, however, did the work required of it» and in a satisfactory manner. 

These coals were, as mentioned, firom the pit sunk at the Wurdah. To test the ooal 
met in tiie boxing near that river, as given above, Mr. Fiyar was reqnerted to forward 
specimens. Of these he sent 33, one from each of the three-feet seams above the thick ooal 
and 31 from it, these being taken from the material brought up by the pump at intervals ot 
about a foot of sinking. These were all assayed carefully by Mr. Tween, and the resales are 
given bdow. 



There can be no doubt that 



the 



assays of this kind, and more especially when made on tiio 
stuff broken down by a borinff-chisel, are only approximate indices to the value of the ooaJs 
tested. But in tiie absence of ^tt»r means, they do afford fairly comparable i^^ ^^ 
do unquestionably give a fair indication of the economical value of the coals. ^^^^ f 
very results given above are singularly confirmatory of this. The assays were completed lo 
several weeks before the above results of actual trials were received. 
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The 33 specbnenB tested gave the following results :- 



Depths, Ac. 


Carbon. 


YoUUle. 


Aih. 


Depths, Ac 


Carbon. 


YoktUe. 


Ash. 


A ( lit tbwfeet seftin ) 


40-9 


44-0 


9-1 


16 






88-6 


36-7 


24-8 


B (2Dd three-feet seam ) 


37-4 


280 


34-6 


17 






44*2 


31-4 


24*4 


1 ((hm thick c<Ml) 


48-0 


36-6 


15-4 


18 






29-8 


23-6 


47-2 


• ... •%• ■•• ••• 


46*S 


86-4 


18-1 


19 






36-8 


380 


80-2 


3 


44-0 


39-4 


16-6 


20 






48-0 


39^6 


17-4 


4 aM ... ... 


43-6 


40-0 


16*6 


21 






46-8 


411 


12-6 


V ,.» ..« ,,, ••• 


44*4 


39^6 


15-8 


21* 






44*9 


42*6 


12*6 


« 


44-7 


89*5 


16-8 


22 






42-7 


30-6 


26-7 


7 


47-4 


36-8 


15-8 


23 






46-3 


330 


21-7 


^ 


47-7 


36-8 


16-5 


24 






62-4 


320 


16-6 


9 


47-0 


400 


12-4 


26 






40-3 


24-6 


35*2 


1'^ 


48-2 


30-S 


120 


26 






46*6 


32-8 


21-6 


11 


46-6 


44-6 


8-8 


27 






44-2 


29-0 


26-8 


U 


40-7 


44-6 


14-8 


28 






661 


32-0 


129 


^' ••• ••• «•» •*• 


eo-4 


Sa-§ 


66 


29 




•.. ••• 


36-6 


32-8 


31-6 


*» ••■ ■«• ••• ••• 


36-3 


28-1 


33-6 


30 






66-2 


31-6 


12-2 


« 


37-8 


28-8 


33-4 















It is obvious from these results that while this thick deposit contains some layers 
which are really good coal, there is also a large amount which is scarcely deserving of the 
name of coal at all. Stuff with 30 and 40 and even up to 47 per cent, of ash — useless 
matter — would be of no avail excepting for purely local demand in such work as lime-burning, 
&c., while ooal such as is represented by No. 13 or No. 30, or the bed A, would hold just com- 
parison with some of the best coals in India. Probably the fairest way, seeing that although 
the specimens are taken from about every foot, the actual matter assayed may really lepiesent 
only an inch or two in thickness, is to take the whole as one, and take as the mean composi- 
tion the average of all the results (neglecting for the present the two separate 3 feet 
seams). And £r comparison, to take 30 specimens of Ranigunj coals from difliorent worked 
beds, and take the average composition of these. 

Taking the 31 specimens of the Googoos coal, the average result of all ii 
Carbon ... ... ... ... 4451 

VoUtile ... ... ... ... 35*34 

Ash ... ... ... ... 20*15 



And the average result of 30 Ranigunj coals is — 
Carbon ... ... 

Volatile ... 

»Su ... ... 



50-9 
34^6 
14*6 



tbst is, the Googoos (average) ooal is 6' 39 per cent, inferior to the average of Ram'gunj 
coals as to the main heating power, and it is also 6 per cent worse than the same as to 
tmoant of useless matter. Or, viewinsr it in another way, it may be said that out of the 
31 odd feet of 'coal' there are 28, vrnich contain less carbon than the average of 30 
BaniguQJ coals, good and bad, and only 3 which contain more ; while there are 23 which con- 
tain mora ash than the same average, and only 8 which contain less. 

These results appear unquestionable, so fekr as the ooal yet obtained is concerned. That 
this eoal will at the same time prove highly useful cannot for a moment be questioned ; and 
we mnst only continue to seek for better. 

The results of these trials showed the duty of Chanda ooal roughly, as compared with 
^ignnj ooal, to be as 67 to 87. The comparison by assay gives 46: 61, or the trial by rail 

f'ves the work in the ratio of 1*00 : 1'29, that by assay as 1*00 : 1*14. As compared with 
nglish coal the duty was by actual trial as 4*0 to 6*6, by assay as 44*5 : 68, or, m the first 
csae,a8l: 1*63, in the latter as 1 : 1-63. 
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These are very cicMw approzimatioiis and fallj bear out the value of such assays. In all 

cases, it is worth notice also, the resalt as per assay is more favorable than that by actual 

triaL Both methods of testing the value prove that good useM fuel exists near Googoos 
in considerable quantity. 

The explorations are being carried on with vigour, and the results will be given from 
time to time. 

In connection with this enquiry, it is necessary to give publicity here to some impoitant 
facts regarding which considerable misapprehension has evidently existed. In the laat 
general report on the Central Provinoes, the Chief Commissioner has (p. 76) said : ' so &r coai 
has only iMsen discovered in that known as the Damuda series, and it remains to be proved 
whether the Kamptee group is carboniferous.' This name ' Kamptee group ' has never been 
published before or defined, and without such definition it is meaningless. It was a term 
used by Mr. W. Blanford on a preliminaiy sketch man of the district, copy of which was given 
to the officer of the Geological Survey working at Chanda for bis information. But the term 
was simi>ly one of convenience, and for temporary local use as applied to a series of beds in 
the vicinify, and signifying nothing more than those local beds ; smiply a name used instead 
of a long phrase to convey certain peculiarities in texture, &c. It is one of many such short 
names which, used for a tune merely locally, give place to others when relations and connec- 
tions have been traced out. It has therefore never been published or used in any other waj 
than as a term of convenience among the officers of the Geological Department It is in fact 
meaningless without definition. 

But having thus been used, I may state that the local beds so called ** Elamptee" are notiiing 
more nor less than the Central Indian representatives of the ereat Paneket series of rocks, 
so well seen in the Baniguig coal-field, still oetter developed in Sie Jherria, the Bolnirts the 
Karunpura, and other detached coal-fields towards the west, and which series of rooks can 
be (and have been) traced across aU the intervening countiT up to Nagpur and Chanda. 
And as in the Raniguig field, so in every other section exposed throughout the hnndreds of 
miles of counti^r (thousands of square miles) not a trace of coal is Imown to occur in them. 
This induction is fiir wider and far more satisfactory than any examination of the Central 
Provinces alone could afibrd. 

But, in addition to this, accompanying this extension and development of the Panchet 
series, there is, from east to west, a steady and continuous but rather rapid diminution of the 
true coal-bearinff rocks (the Damuda series), so that the formation which in the east is of 
several thousand feet in thickness, with more than one hundred beds of coal of varying 
thickness, and which is there easily divisible into three groups, on passing to the west so 
dwindles down, that, in tlie Neroudda valley and in the Chanda field, the totad thickness of 
the formation does not exceed as many hundred feet as it was thousands in the east, and that 
all the coal is confined to a few beds of great irregularity near the base of the series. These 
fiusts also have been established not by any local investigation, but by a long continofid and 
systematically carried out series of examinations and measurements spread over hundreds of 
xniles of the country. ' 

There appears not a doubt as to the fact that coal does not occur in the Panchet rocks. 
There is equally no doubt that coal is not in the Talchir rocks below, and the simple point 
that remams to be proved in the Chanda field is the extent, thickness, and value of the coal 
which does accompany the Damuda rocks. If the country were not so much covered the 
limits of these rocks could readily be traced ; there is no difficulty in distinguishing them. 
But unfortunately there is a large part so concealed by snperfidal deposits that the existence 
of these coal-bearing rocks must oe probed out by boring. And this is what is now being 
done by the Geologiod Survey for the Government of India. 

The borings at Chanda and at Ballarpur given above are additional proofe of the "^VS 
limited thickness of these rocks. The entire thickness of the Damuda series, as it there 
exists, together with all the overlying beds, is said to have been passed through wiUiin about 
235 feet. Of this more than one-uird belongs to the upper series, leaving the thickness of 
the entire Damuda or coal-bearing formation here not more than about 150 feet ! 
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LiAD mike Raifub District : Cbmtbal Fbovimob8.--To the infonoAiion already given 
regaidiiig this lode of lead-ore bat litde has been added since then {see Beoords, Geological 
Surrey of India, 1862, Ft. 2, p. 37). At the close of the season, Mr. Smart, the Revenue 
Soireyor engaged in that distnct, completed a small plan of the looJity and immediate vicinity 
m s scale of four inches to the miie. He foimd fragments of the metallic vein scattered 
upon the top of the hill, on which it was seen for a distance of half a mile from the spot 
voere it was discovered last year. ' The direction of dip of the vein could not be ascertained 
owing to the confused and fractured arrangement of the ma&ae rocks.' Mr. Smart had no 
ffieiDs of proving the vein. 

I hope to be able to have the locality examined this season. — T. 0. 



MixaoBina.— *To the kindness of Dr. Waldie wa are indebted for the remaining 
portion of the specimen of the Khetree stone, (fell February 1867)» which he analysed 
vith care, and of which he gave an excellent description at the meeting of the Asiatic Sodetv in 
Jane 1869. Dr. Widdie sUites how it is frequently so difficult to procure specimens of these 
highly interesting bodies which fall from the heavens, as the people, in their ignorance 
kwking upon such visitors as evidence of the wrath of their deities, carefully rrauce to 
powder and dissipate all the pieces which they can procure. Only two pieces are known to 
exist, botii small ; one is in the collection of the Asiatic Society, and tiiia one in tibe cdleetion 
of the Geological Survey. 

From Dr. Tsehermak, the suooestor of the much regretted Dr. Moritz Homes, in charge 
of the Inmerial Mineral Cabinet at Yieima, we have also received a very good snedmen of 
the M which occurred at Slaveti6, in Croatia, on the 22nd May, 1868, and described by the 
indefatigable Haidinger, on the 3rd December, 1868, to the Academy of Sciences^ Vienna. 

Also, a specimen of the Ornans (Doub) &11, of which we were already in possession of 
i fine piece tmrough the good offices of M. Marcou, (see Becords, Geological Survey of India, 
Fehniary, 1869). This faU took place on 11th July, 1868. 

Also, a spedmen of the very interesting stone which fell at Srahenberg near Zwei* 
bmeken (Ffidz) on the 6th May, 1869. 

These valuable additions to our numerous colledxon are further proofs of the firiendly 
lid and co-operation we have invariably experienced from the Geologists of Austria. 

(kiober, 1869. T. Oldham. 
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Vienna.— Verhandlungen der E. E. Zoologisch-Botaniachen Gesellschafl in Wi6n«VoLXYII, 

8vo., Wien, 1867. 
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ASNUAL RbPOBT of THB GbOLOOICAL SuBYST of IlTDIA AND OF THB MUSBUK OF GbOLOQT, 

Calcutta, fob thx tbab 1869. 

The close of uiotlMr year (1869) calls for a brief Bommaiy of the progreM of the 
Geologioal Survey sinoe our last report 

The area, which it is possible to examine geologically within a year, depending essen- 
tially on the number and ability of the officers employ^, it is necessary, first, to premise that 
daring ten months of the twelve just passed, Mr. W. T. Bl an ford, Deputy Superintendent^ 
was absent, being engaged in the elaboration of his report on the Geoloey and Natural History 
of Abyssinia, the resnlt of observations made while attachea as Naturalist to the 
Abyssinian Field Force, and during a brief visit, subsequentlv to the retom of this force from 
Abyssinia, to the adjoining territory of Bogos. Mr. Blanford was, at the banning of the 
jear (1869), ordered to proceed to Europe, where alone he could have ^ fi^ilities for the 
comparison and identification of his collections and of reference to all previously published 
accounts. After an absence from India, on this duty, of about six months, Mr. Blanford 
rejoined the Geological Survey at the beginning of November, and immediatelv took the field. 
Mr. Ormsby, who (as reported last vear) had been obliged to proceed to Europe, suffering 
from sunstroke, returned just before the working season commenced in November. During 
the most important and largest portion of the year, therefore, the survey was without 
the aid of these two gentlemen. Mr. W. King and Mr. F. Mallet obtained 12 months' 
fbrlough each, and left in September for Europe, having completed their maps and reports of 
the previous season ; and their services will, of^ course, he wanting during the present season. 
Laetyear I had to report that Mr. Charles Oldham had proceeded on furlough in Nov* 
ember, and with deep regret I was called on to report his decease in April last £i him the 
Qo?erament of India lost a trained and able servant, distinguished for his conscientious 
devotion to duty, and for the care and skill with which he, as Deputy Superintendent for 
Madras, conducted tdie labours of the party working there. In him slso the officers of the 
Suvey regret the loss of an esteemed colleague. Tms death, resulting from the effects of an 
tttack contracted during his active service in India, adds another to the long list of those who 
have succumbed to the very trying exposure in the worst and most unheslthy parts of the 
emmtry which the pursuit of G^logy in India necessuily entails. The remaining officers 
of the Survey have all been actively engaged during the year. 

Soon after the commencement of the year (1869), having then just returned from the 
Pnnjab, I proceeded to Cachar and Sylhet, to examine, on the spot, tiie evidence connected 
with tiie serious earthquake of the 10th of January, which had caused such extensive 
damage. I was unfortunate in visiting the localities just at the time when all the available 
carriage of the district was needed for the Military expedition then just leaving Silchar ; so 
that I found it impracticable to see quite as much of tne country as I could have wished. I 
nuxeeded, however, in obtaining some accurate and valuable observations. And in returning 
I crossed the Khasi Hills, notmg the results of the same earthquake at Sylhet, Cherra 
Poonjee, Shillong, and Gow batty. A brief notice of these results was given at a meeting 
^ the Astatic Society of Bengal in March {vide Proceedings of the Society for April 1869, 
P- 113). While working out these observations, I was led to notice how littie of any accurate record 
existed in this country regarding the earthquake shocks to which many parts of it are 
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frequently subject. And I have, therefore, given some time to the prepaxation of as perfect a 
catalogue of Indian earthquakes as I had means of obtaining. This will, I believe, prove an 
useful addition to Indian seismo-statistics, and I trust may at the same time be the means 
of eliciting further information on the subject. Many.^private records of such phenomena j 
doubtless exist, full of interesting and often valuable information, which has never been given \ 
to the public. I would solicit the contribution of any such facts as may tend to prove the \ 
occurrence of shocks not hitherto noticed, or to indicate the extent of area over which, and the 
relative violence or intensity with which, shocks already recorded may have been felt is 
diiferent parts of the country. The very nature of such a catalogue precludes the poesibilitr 
of successful compilation bv any unaided individual ; the co-operation of many is essentiaL 
A report of the effects of the earthquake of 10th Januaiy, 1869, is in progress. 

At the beginning of November, I proceeded to the Central Provinces to control the 
operations there in progress for the exploration of the coal in Chanda and Berar. I found that 
the late rains of the year had caused a eood deal of fever in man v places, and the taking of the 
field by the Survey Par^ was a little delayed in consequence. Proceeding ftom Kagporein 
company with Mr. C. Bernard, Commissioner of Nagpore, in whose jurisdiction the Chanda 
distnct IS, I first took a general review of the field as far south as Ballarpur. And thea 
returning fixed upon positions for future borings, with a view to test not onlv the continuity 
of the TOds of coal which the river Wnrdah liad exposed in one or two places, but also to 
prove the nature, thickness, and contents of the coal-bearmg formation generally. I have seldom 
seen a country less favorable for detailed Greological research, as a thick covering of ck^s con- 
ceals the rocks entirelv, excepting at distant intervals. Any detailed examination, therefore, 
necessarily takes much time, and cannot in the end be veiy satisfactory. But, with the aid of 
borings, we hope to be able to trace out the rocks with tolerable accuracy. 

The results of the trials up to November last were published in the last part of the 
Becords of the Survey (Part 4, 1869), and it is not necessary to repeat them here. Since 
that time, up to date, additional information has been gained, which is all satisfactory. One 
of the ^eat sources of doubt as to the extent of the coal deposits arose from the widely 
established fact, that the beds in the group of rocks in which the coal here occurs (that 
known to Indian Geologists as the Barak ar group) had invariably a tendency to exhibit very 
great variation both in thickness and quality within short distances. They are often of great 
thickness locally, but thin out and nearly disappear within short distances : this variation 
also being not only in the thickness, but also in the quality of the beds, so that what 
shows as a bed of good coal fn one place may, within a few yarda or a few hundreds of yards, 
pass into a shale without coal, or even into a sandstone. It was, therefore, important to test 
this, and the first new boring which was fixed on was put down near the village of Telwasa, 
some ten miles to the north of where the coal had been found in the river. No coal was 
visible, nor had any been ever known to be there ; but the position in which it ought to he 
found, if the beds continued, was, as appeared to me, well marked. After some delays, 
the rods were put down here, and passing uirou^h the beds of sandstone, seen on the sur&oe, 
they entered a group of beds of coial and shale, m the proper position exactly as anticipated. 
Up to the close of tne year, 19 feet of this coal, with a few shale partings, had been cut into 
and the beds still continued.* Near the village of Nokora also, to the extreme south end of 
the small area of coal-bearing rocks which occurs on the Chanda side of the Woidah rirer, 
near Grhdgds, the limits of which had been approximately fixed by Mr. Blanford in 1866, 
a bore-hole was put down by Mr. Fryar to test the character of the beds there. This has cat 
the same group of beds with coal found to the north of Ghugns village. There are representa- 
tives of l£e two upper beds, and then of the thicker group of shale and coal below. But, as 
Xted, there is a large amount of variation in the actual section. The thick beds of sor 
. coal and shale noticed in the borings at the north of Ghdgus (see Becords, Geological 
Survey, 1869, p. 97), as being there altogether some 33 feet in thickness, have increased to 
more than 50 leet at Nokora; but this increase in aggr^te thickness is chiefly in the 
greater development of the earthy or shale beds. The detail of measurements need not he 
given here. 

The results, so far as the explorations have been carried, seem to me to point to the 
general continuity of the coals on a fixed horizon in the lower sandstones, and if this be con- 
firmed by further examination, these coals may be sought for with considerable certainty within 

* Forty-one feet, seven inohes, of coal have been cut altogether here, in a total Uepth of 138 feet 
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the very limited area which these rocks ooonpy. Until the recent trials, I regret to say that 
no principle seems to have guided the selections of the several points at which bore-holes 
were put down. They were apparently put down completelv at hap-hazard, and were of 
coarse, in most cases, without any defimte result. Localities have now been absolutely fixed 
upon for a number of additional borings, where, at comparatively small depths, the pre- 
tence or absence of the coal may be determined. 

A steam-borin? machine has also been delivered at Chan da, but it is not yet in opera- 
tion. It will in refJity be of very trifling use in this field. The country is to an immense 
extent either covered with jungle or with deep beds of clay, through which every little stream 
cuts a deep channel or gully, and in either case there are no roads excepting of the most 
primitive character. Tuere are not, therefore, more than half a dozen spote m the district 
to which this steam-boring machine can be convened, excepting at great loss of time and ex- 
pense. And even in those localities, the required mformation can be obtained with ordinary 
boring tools more cheaply and expeditiottsly if only a systematic system of choice of position 
be acted npon. It is, however, hoped that a trial will soon be made with this steam-boring 
machine inien the services of some one competent to underteke the management of it can be 
obtained. 

To M%]or C. B. Lucie -Smith, Deputy Commissioner of Chanda, I am indebted for the 
most hearty and efiective assistance in all things. The (Tcological Survey is also indebted to 
Mr. S. H. Hennessy, Extra Assistant Commissioner, for the earnest and friendly way in 
which he has ever met their wishes. • 

It is hoped that as soon as the Chanda district is examined, the investigations of the 
Geolo^cal Survey may be continued down the valley of the Godavery, at detached pointe 
in which we know of the existence of small basins of the coal measure rocks, in which coal 
may exist in good workable quantity. Such a basin, for example, occurs about 15 miles north 
of bumagndiam, from which, at the place indicated by Mr. W. Blanford in 1866 near 
the junction of the Tal river, in the left bank dose to the village of Lin gala, a considerable 
joantity of coal was raised last year from the bed of the river. This coflJ worked effectively 
in the low pressure stetionary engines, but was not sufficient to keep up steam for the high 
pressure engines of some of the steamers. I am also indebted to Colonel Haig, B. E., for the 
mformation that coal has been again found exposed in the scarped face of the rocks on the 
right bank of the river, about 34 miles below Dumagudiam. 'About two feet are seen above 
water level, and it extends under the water as far as a man can reach with his arm.' All 
these facte point to the necessity of an early and careful examination of this country. 'And 
it is my purpose next working season to work up from the Madras side, the party of the survey 
^ere engaged bringing up with them the extended knowledge they have obteined of the 
older groups of rocks in the Madras Presidency and the officers of the survey from Bengal 
working downwards, and bringing with them their widely acquired intimacy with the struc- 
ture, c£iracter, and sub-divisions of the coal measures of India. The extent of country to be 
visited is, however, wide, and the detailed examination of so large an area will unavoidably 
occupy much time. The result of a systematic examination of this kind will, however, lie 
more satisfactory and more trustworthy than if taken up at detached pointe. 

In connection with these practical explorations by boring for coal, &c., I wonld notice the 
peat satisfaction with which the Geolos^ical Survey have seen lately the success of that most 
important trial for water at Umballa. The insufficiency of the supply of water at this 
large stetion has long been a source of anxiety, and a cause of ill-healtn, and has led to pit)- 
posaLi for the adoption of very costly and tedious works to increase the amount of available 
water and to facihtete its distribution. Mr. H. B. Medlicott, after his examination of the 
Sab-Himalayan rocks, urged the importeuce of seeking this much-needed supply of water in 
^6 water-bearing beds which must exist under all the country in that parallel along the foot 
of the hills.* Ae reasons for the confident expectetion of good water being found there 
with a pressure at least sufficient to bring it to, or near to, the surface from very considerable 
depths were steted, and have, on several occasions since then, been verr strongly urged. It 
^^ therefore with no small satisfaction that we saw the very first trial confirm the justice 
of these sanguine expectetions. It is to be hoped that further trials will be now boldly 
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oanried out» bat at the same time striotly limited to those aieas where the probehle exiitenoe 
of similar oonditionB may be fairly anticipated after proper examination. 

As stated in my last annual report Mr. Medlioott was, at the commencement of the 
year, engaged in the examination of the very important geological qnestioos of the extent 
and stratigraphical relations of ti&e several series of sandstones, &c., associated nith the ooil 
in Bengal as compared with those in Central India. In pnrraance of this objeet» he 
traversS the entire country between Hazaribagh and ^ alamo w on the east and 
Jubbulpur, on the west; and thence went southwanu to Nagpore and Chanda. This ex- 
tonded and general survey of the vast area occupied bv these rocks has brought into greeter 
prominence and clearness, and has established the wider application of several of the yiewa 
already enunciated by other officers of the Survey regarding the distribution and variation in 
character of tiie several sub-divisions of that great series of beds, in some members of whidi 
the coals of India chieflv occur, and which may, as a whole, and in a broad view of its fossil 
oontonts, be called the nlant-bearing series. Th^ vast extension and wonderful oonstaoej in 
mineral character (comnined with local peculiarities) of the Talehir rocks, which have alvays 
been treated of as the base of this great series, although forming in themselves a well 
marked and characteristic group, has been even more fmly esteblished than it prerioofilj 
had been. The dying out also m passing to the west of the distinctions so easily establisbed 
in the eastern coal-fields, (Banigunj, Jherria, &c.), where a three-fold sub-division of the 
true JDamuda or coal-bearing rocks is obvious— a fact already fully indicated by Mr. Ho^hes, 
as far as the Bengal fields are concerned — ^has been shown by Mr. Medlicott to be entirely 
supported by the character of the i^ks in the more western fields. And, at the same time, the 
co-existent fact of the considerable increase in the development of the group which oocan at 
the top of the series (the Panchet group), seems equally established. The entire groap of 
the formations or series which in the east gives five well-marked sub-divisions (TMir, 
Barakar, IrontiUme chalet, RaniffWM, and Panehet) becomes at only a short distance to the 
west only a three-fold series of the ^Rilehir, the Barahar, and the FancheL This was shown 
to be the case in some of the Bengal fields, and the same fact is more fully insisted on hj 
Mr. Medlicott with reference to the countiy lying further west. 

Although, so far as known, there seem good grounds for admitting this as ^ving the 
truest representation of the facts, it must at the same time be stated that the hthological 
character of each of these groups differ in the west and south from that of the typical roeks 
in the Banigunj field ana Talehir field. Even so near to Banigunj as the Palamow 
(or Daltongunj field,) Mr. hughes has shown that the Barakar rocks present a lithological 
character intermediate as it were oetween the true Barahar and the Ranigunj beds. And 
further, in the Bokaro field, he has pointed out the transitional passage of the Banigunj^fi^ 
into the Panchets, 

With these facte, it would almost remain an open question, whether much of those apper 
beds, to which we are now disnosed to assign the general name Panchet, may not represent, 
in time, the upi>er croups of the more eastern fields (Banigun; beds, Irwutone skale). And 
the fossils contained would go to support this view. But tne general mineral character veiy 
decidedly approximates more to that of the typical Panchet rocks, and throughout the entire 
area extending over many thousand square miles with well exposed sections, the abseooe of 
any deposite of coal, which are so valuable and abundant in the upper groups of the Banignnj 
field, is an additional and strong reason why these rocks should be referred to the PancM 
group rather than to the others. It might possibly solve the difficulty better in the M 
instance to esteblish an intermediate and distinct sub-division applicable only to a part of this 
upper group of rocks in the west, but this would perhaps only lead to greater difficulties, because 
tnis group must be localized, while all the facte point rather to a gradual passage of character 
over geographical areas, than to any definite sulhdivision. In any such large series, where the 
sub-divisions are not marked by material interruption, or change, of deposit, or by any long 
interval of time accompanied by the destruction of pre-existing beds, there is no possibility of 
drawing any trenchant line of division, for such does not exist. And it can, toeFefore, be 
only on a balancing of evidence that any part is placed in correlation with one sub-dirision 
rather than with another. 

Mr. Medlicott has also brought forward additional proofis to show thai, ^° 
the large scale, the present limite of these coal-measure fields coincide approximately with the 
original limite of deposition and are not the result of Suiting* or even mainly of denudation. 
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Hub limitAtion of original doMntion has long been the view held by Mr. Hughes (and by 
myself) with reference to the Bengal fields which he had examined, and Mr. Medlicott now 
shows how he considers it applicaUe to those in the west also. 

There i^pear to me, however, wider and larger yiews of this variation in mineral character, 
and in snooession of beds, as well as in limitation of area occupied, which must be worked out 
in greater detail before any definite conclusions be possible. They may, however, be indicated. 
All these suocessive beds, (possibly with the exception of the Ihlchirs) representing an enor- 
mous lapse of time, agree in one respect* that the3r seem to be purely fresh water (fluviatile 
or fluTio-lacustrine) or estuarine deposits. This met alone involves the consideration of defi- 
nite limits within which the rivers or lakes by which, or in which, they were formed were 
confined at the time of their deposition. This again would seem unavoidably to bring with 
it a veiy laige amount of variation in each basin of deposition quite consistently with a 
general resemblance or agreement in the succession. It seems difficult, if not almost impos- 
sible, to suppose that ooiucidently with any great changes of surface level, &c., which may 
have i^eeted the whole country, there were not also variations in each more limited area, or 
drainage basin of the then existiiijg dry land. Thus it seems to me, we are naturally led, 
a priori, to look for a general persistence of type coincidently with a wide limit of variation 
in detaiL And this, I believe, will so flsur to account for much of the variation we do find. The 
present distribution of these ooal-nelds in India, modified, as it undoubtedly has been, by the 
great destruction and denudation to which not only the coal-bearing, but all subjacent rocks 
nave been subjected, appears to me to point also to this limitation to defined areas. Thus the 
Ranigunj, me Jherria, the Bokaro, the Bamghur, and the Karunpura fields all 
belong to the drainage basin of the Damoodah river. Itkuri (Eetcoora), and the 
Enrhurbari fields are in the basin of the Barakar, the largest affluent of the Damoodah, 
from which in the upper part of its course it is separated by tne lofty ranges of Parasnath 
sod the wide plateau of Hazaribagh. The Kasta deposits and the limited field near 
Dnbrajpur and the Deogur fields are in the valley of the Adjai, and limited to it, 
while the valley of the More, further to the north, has its small field near to Soory. (In a 
wider view, all these rivers may be considered to have formed one general estuary at an 
early period). The Talchir fidid, near Kattak, the detached areas of Talchir sandstones in 
the Sumbulpnr country, and the Belaspur field, are limited to the Mahanuddy basin ; 
the Palamow, the Singrowli, and South Bewah coab are all strictly confined to the 
Sone basin ; — the Chanda field and the continuation of this field in detached areas down 
the Godayery valley, considerably below Dumagudiam, all are striotiy confined to the basin 
of the God a very and its affluents, while similarly the coal-fields of the Nerbudda valley are 
all limited to the drainage basin of that river. 

In other words, it seems to me that there is very strong evidence to lead to the 
oonviction (announced by me at the meeting of the Britisn Association in December 1867, 
when speaking generally of the Geolosy of India), that the great drainage basins of this 
ooantry were on the large scale marked out, and existed (as drainage-basins) at the enormously 
distant period which marked the commencement of the deposition of the great plant-bearing 
series to which I have referred. 

In this point of view, local variations in the litholog^cal type, and local variations in 
the thickness of the groups, and even their occurrence or non-occurrence, are only necessary 
consequences of the mode and limits of formation. And this will, I think, go fiur to account 
for these yariations. 

Mr. Medlicott has arrived at somewhat similar condudons bearing on the limits 
of deposition of these beds as applied to some of the basins. 

At the oommenoement of the present season, Mr. Medlicott proceeded to the 
Nerbndda valley, to work out more closely than had before been practicable the coal-bearing 
neks in that area. When first visited, now more than twelve years since, no maps whatever 
ttistedof the Nursingpur and Hoshnngabad districts, and it was necessary, in order 
to obtain any record, to carry out a general topographical sketch or survey concurrentiy 
with the ge<Hogical examination. Within the last few months we obtained the finbheji 
reTenne survey maps of these districts (Hoshungabad and Nursingpur), and I have at 
once tidcen advantage of them to ascertain with greater accuracy than was originally possible 
the distribution and contents of the ooal-measure rooks there. The approaching completion 
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of the line of railway between Jubbnlpar and Bombaj also rendered it nrgenHy impoituit 
that this should be done at the earliest date. 

Mr. Willson examined in the early part of the year a Luve portion of the Jhansi 
and Lallntpnr diatricts, tracing oat the remarkable quartz reefs that exist in rach numben 
and of such size in that area, and mapping with care the limits also of the recent deposits. 
And he is at present engaged in the continuation of this work, so as to join on his geological 
boundaries witii those ur^y very carefully put in by himself in the Saugor aad Dumoh 
districts and with those in the Gwalior country mapped by Mr. Hacket. 

The terrible sufferings of the population in Jeypore and adjoining country from 
failure of their crops, and the consequences of deficiency of food, rendered it desirable that 
Mr. Hacket shoula not return for trie present seaiion to the work on which he had been 
there engaged. He has, therefore, been moved to Jubbulpur, where he will carry oat the 
examination with the detailed maps now available of the south-east portion of the district, 
and connect it with Rewah to the north and east. In the be^nning of the year Mr. Hacket 
traced out the boundary of the great Deccan trap area^ from Neemuch across to the Beeas 
river, which line has since been embodied in the general map of the Yindhyan area accom- 
panying the published report of Mr. F. Mallet. 

Mr. Ball, in the early part of the year, carried out the examination of parts of the 
Singhbhum country, tracing out carefully the oopper-beariiig rocks and their limits. And 
since Mr. Ormsby's return in the autumn, Mr. Ball and Mr. Ormsby have both been sent 
to revise and bring up to the existing state of knowledge of Indian Greology the mara of 
Bhagulpur and Birbhum previous to final publication. These districts were among those 
earliest examined in this country. And since tnat time very considerable progress b^ been 
made in the distinguishing of the rock groups of India. The original examination of these 
districts had dso been more than once necessarily interrupted % disturbances among the 
Sonthals and other causes, and it was therefore essential that they should be gone over ag)un 
with a view to general revision. 

Mr. Mallet, during the early portion of the year, was engaged in working out in detail, 
and with the advantage of new and better maps, the relations of the several groups of rocks 
which occur in the eastern portion of the Sone valley, and which there come between the 
Vin^yan formation and the gneissose rocks. The more important of his results hare 
been embodied in the Report on the Yindhyan formation, published during the year, which 
is noticed further on. Mr. Mallet, as already mentioned, has obtained leave for one year, and 
left India in September. 

Mr. W. B Ian ford rejoined the Geological Survey on his return from deputation as 
Naturalist and G^logist in connection with toe Abjrsainian Field Force at the beginning of 
November. He has taken up the careful examination of the Chan da district with the 
assistance of Mr. Hughes and Mr. Fedden. Of this district he had himself made a rapid 
leconnoissance in 18^ and furnished a sketch geological map, which, considering the vei^ 
unfavorable nature of the country for any geological examination and the brief visit 
Mr. Blanford paid to the district, was marvellously accurate and good. Mr. Blanford then 
also was the first -to realize the true nature of the coal deposits of the field, which had been 
searched out with untiring determination by Major Lucie -Smith, the Deputy Commissioner. 
The occurrence of these coals in this di^rict in a geographical position singularly favorable 
for the supply of fuel to a very large area both to the west and soutn, and the considerable diffi- 
culties attending the investigation, rendered it highly important that the facts should be ascer- 
tained as quickfy as possible. I have therefore moved up ftam Beng^ Mr. Theod. Hughes, 
who has perhaps had more experience and detailed knowledge of the Indian coal-beEuing rocks 
than any one on the Survey, and with Mr. Fedden he will act under Mr. Blanford, Deputy 
Superintendent. The work was allotted without delay. Mr. Blanford himself in addition to 
the general supervision of all, has taken up the detailed investigation of the rocks which come 
below the coal measure series. Mr. Fedden has been sent to thoee above the same series, while 
Mr. Hughes wiU take up these ooal-rocks themselves. The district is most unfavorable for 
detailed geological examination, being either more than usually covered with very thick deposits 
of clays and gravels (often cemented into a hard calcareous conglomerate), oocasiooally 
containing bones or fragments of bones of large animals, and all probifcoly of the same general 
age as the similar conglomerates of ^e Nerbudda and Godavery valleys, fPlwoneJ, or 
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concealed by widely spreading jungles and forests often almost unpenetrable. Mr. Blanford 
years since pointed out that it womd be impossible to arrive at any satisfactory conclusions 
without actually boring in many places,^ and this actual testinj^^ of the ground is now being 
carried out successfully in conjunction with the general examination. Should the officers 
of the Surrey be fortunate enough to preserve good health during the season, this year will 
see a large area thoroughly explored. As already mentioned, the late rains in October produced 
a good deal of fever and illness, and, as usual, the Survey parties have also suffered. 

Madras. — ^The early part of the year (1869) was given by Mr. King and Mr. Foote 
to the completion of the geological area occupied by quartzites, slates, limestones, &c., which 
cover the larger portion of the districts of Kuddapah and Kurnool, and which appear, 
geologically, to represent in the south the older portion of the great Yindhyan series, to which 
allosion has alr^y been made. This great area being complete in itself, that is, being 
surrounded on all sides by rocks of totolly different ages and different mineral characters, 
will be treated of as one. And since the close of the field work, Mr. King has completed 
a general report on the entire area containing many thousand square miles. This report is 
now in preparation for the press ; and will be issued during the present year. Mr. King took 
fiurloogh-leave in September, handing over the Madras work to Mr. Foote. For the present 
season Mr. Foote has been directed to carry on the examination of the rocks, of the same 
mineral charactor, which appear under the great flows of the Deccan trap, and resting 
quite unconformably on the gneiss rocks in parts of the Raich oor Doab, the vicinity of 
Belgaum, and under ports of the ghats on tne westom coast. That they belong to tiiie same 
general series as the rocks in Kuddapah and Kurnool there is no question, and it is hoped 
that Mr . Foote's acquaintance with the lattor will enable him the more easily to identify them. 
This will connect with the Madras area the work already done by Mr. C. Wilkinson some 
Tears since in Rutnagherry and Sawunt Warree, but which was unfortunately left 
unfinished, when that genUeman was obliged to. resign his connection with the Survev, as his 
health could not bear the great exposure unavoidably entailed by his geological work. This 
work will also, I think, give us a second complete section (geological) across tiie Peninsula. 

I have had occasion already to notice the decease of Mr. C. Oldham, which untimely 
event, and Mr. King's absence on leave have reduced the Madras party for the present season 
to only one, Mr. Bruce Foote. 

BoMBAT. — The Bombay party of the Survey continued the examination of Kutch as 
reported last year. This was completed before the close of the working season of 1869, and 
Mr. Wynne and Mr. Fedden both deserve much credit for the zealous and earnest spirit 
with which they carried out this work in a very difficult and in many ways very inaccessible 
district. Mr. Wynne has subsequently, during the monsoon, prenared a very admirably 
executed map of the whole of Kutch, and has embodied his own and Mr. Fedden's researches 
in a general report, accompanied with many excellent and well-drawn sketehes. This map 
is on the same saide as the Atlas of India, namely, 4 miles = one inch, and it will scarcely be 
practicable to show the detail of the geology on a smaller map, although the publication of 
this large plan will be difficult. 

At the commencement of the present season, as soon as it was practicable to leave Kutch, 
Mr. Wynne proceeded, as ordered, to the Punjab to take up the detailed examination of 
that province, while Mr. Fedden proceeded to Bombay, and jominff Mr. Blanford took up, 
under his instructions, the examination of parte of the Chanda ana Woon districts, in which 
he is now engaged. 

It had long been my desire to cany out a careful examination of the Pun j ab, which offers 
to the Geologist many pointe of great interest, as well as promise of valuaole mineral pro- 
ducts. But the pressing demands for geological enquiry in other directions have always 
hitherto prevented any of the staff of the Survey from being located there. It was, therefore, 
with pleasure that I found it practicable to send Mr. Wynne there this season, and I doubt 
not he will exhibit the same zeiu and ability there as he has elsewhere. I have asked his 
special attention to the relations of the beds from which petroleum is obtained or likely to be 
okiuned. 

BuBMAH. — ^Mr. W. Theobald has, as anticipated in last year's report, completed the 
general examination of the Prome district up to the frontier of British Burmah, so &r as 
that lies, to the east of the Irawadi. He has this season taken up the oountry lying to the 
west of the river in the same parallel, and I hope the season will see it completed. In this 
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part of the distriot, nammulitic roclu (Umestones, Ac.,) occur and form an interesting 
study. They may be found to contain petroleum, as they occasionally do elsewhere. 

Publications. — The first part of the seventh volume of the Memoirs qf the Geological 
Survey qf^ India contains a full report on the area occupied in North-Westem India by the 
great series of rocks, to which the name YikdAyan was first given by myself in 1856. 
Stretching along the northern escarpments of the Nerbudda valley, passing across the 
district of Jubbulpur, and forming the whole of the Bewah country north of the Sone, 
this great series extends in a continuous mass &r into Bengal, where the picturesque clij& 
of the Bhotasgurh hills form its steeply scarped limite on ^e left bonk <tf the Sone. 
Betuming toward the west by Sasseram, Chunar, Mirzapur, and a little south of Alla- 
habad, the boundary thence stretches in a great sweepinj^ bay or curve to thesoathby 
Kirwee, Bijawur, and crossing the Beas river, trends agam north to Gwalior and igrii 
and Futtipur Sikri, whence the line again trends to the soutii and extends to near Neemneli. 
The rocks belonging to this widely extended and important group constitute one of the most 
remarkable and interesting series in all India. They become also still more impoitsnt to 
the Indian Geologist when he finds representatives of the same great series covering immense 
areas in the Madras Presidency (Eudaapah, Eurnool, &c.), stretching northwards along 
the flanks of the ghats, and up tiie Godavery country, untU in Berar and the adjoining 
parts of the Nizam's dominions, and af^ain in Bustar and Chutteesgurb, iliey <oonstitats 
the rocky basis of very extended distncts. They are divisible into several different gronps 
characterized by peculiar lithol<^cal distinctions, and throu^out the whole area desoibed 
present a wonderful constancy of mineral composition. Mr. I* red. Mallet, who had himself 
examined much of the ar6a m N. W. India occupied by these rocks, has combined witii his 
personal observations the labours of others, and has given a connected history of the entire 
series in this part of the Memoin. 

I have alwavs found it exoeedmglv difficult to lead to a just conception of the immensity 
of the areas we have to deal with in this country. And it may be useful to draw a com- 
parison here which may tend to a realization of the fiicts. The small map, which accom- 
panies the report of Mr. Mallet, (a reduction from the larger scale maps used in the field) 
just noticed, represents an area quite as large as England and Wales ; while all the lines 
of geological division and sub-division shown on it have been actui&lly traced oat bj 
detailed examination. The previous part of the Memoirs, the last part of Volume VI, 
contained also a geological map of quite as extended an area, that is, geological maps and 
reports have been pubushed within twelve months, exhibiting the structure of a country 
la^r in area than the whole of Great Britain and Ireland. And it should be added of a 
country regarding the structure of which nothing trustworthy was known previously to 
the commencement of the Geological Survey. 

The same part of Yolume Vll contains also a continuation for 1868 of the annnsl 
returns of the quantity of Coal raised in India in continuation of similar returns which 
I had already published for the years since 1867. The fcdl details will be seen in the 
tables given. 

There is also, in the same part, a careM description of the very interesting area nesr 
Cherra Poonji in Eastern Bengal by Mr. Medlicott. As stated in my uat report, 
Mr. Medlicott enjoyed the advantage of visiting these hills at the on\j time of year in 
which it was possible for any one, without certainty of serious illness, to visit the lower valleys, 
which are deadly in the rainy season. He has thus been able to clear up much that wss 
unknown, and the consequence has been a oonaiderable modification of the views originally 
taken of their structure. Mr. Medlicott has also been able to carrv out the separation of 
the tertiary and cretaceous rocks, the necessity for which, as established by fossils, was 
indicated by me in 1863, (Quar. Jour. Geol. Soc., Loud. vol. xix, p. 524). His brief memoir 
win prove a valuable basis on which to carry out the detailed examination of the adjoining 
hiUs. 

Beports on the Eurhurbari coal-field and on the detached and small fields near 
Deoghur in Birbhum are ready; their issue being only delayed by the time required for 
colouring the geological maps. 

Of t^e Palaontologia Indica, a part dr &sciculus of which was due in October last, 
I have not issued any put. Several complaints as to the loss and iigury sustained in con- 
sequence of the issue of this valuable series in small fasciculi having reached me, and desire 
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having been expressed that they should be sent id lttrg«r parts, or yolumes, or half ▼olnmes 
I have thought it better to defer the issue for a little until a larger part can be nublished at 
once. The four narts, ther<^ore, for the year 1869-70, the last of which will be due in 
October 1870, will be issued during the year before October, and will constitute half a Tolnme. 
The plates for all these are quito ready, and separate fiisoiculi could be issued now, but, for 
the reasons here given, it is thought wiser to delay a little and give four parts in one, as 
was done before. 

The Records of the Ghologieal Surffey, which, as announced, are intended to convey a 
Bdtiee of the carrent work of the Survey, shorter papers, and abstracts of papers which 
cannot be published in detail at once, with analyses of works bearing upon the Oeolo^ of 
India, have punctuallv appeared at the stated intervals of three months. In the numbers 
for the past year, we have given to the public descriptions of the geology of the rich and 
productive valley of Berar; sketch of the Geology of Kutch; of the Snillong plateau 
(since published in detail) ; of the Kuddapah and Kurnoor districts in Madras, (of which 
detailed report is in press) ; on parts of Prome in British Burmah ; on the general relations 
of the metamorphic rocks of Bengal ; in palsBontology, a carefol description and plate of 
the fossil Panaskwra (JEmys) tecta, and other Ckelonia. These are of very high interest, 
^ they %re truly identical with the same species, now living abundantly in this country, while 
the remains described were found along with remains of animals which have long ceased to 
exist in India, (Hippopotamus, Sivathenum, Mastodon^ ^c). Bearing on the practical 
applications of Geology, we have notices of gold in Singhohum : of the mineral statistics 
of Kumaon, where a considerable amount of copper is still raised by the inhabitants; and 
on the coal-fields of the Central Provinces : while to meet the general interest excited 
in the history of the Nicobar Islands, and to answer many enquiries made regarding their 
geology, I have published a translation of the most recent and valuable contnoutioa 
to their geological history, which having appeared in German, as a part of an expensive and 
not generally available series of publications, containing the researches of the scientific expedi- 
tion which the Austrian GK)vemment sent round the world in the *'Novara" (1857-59), was 
Dot accessible generally to the public here. Full lists of the additions to our library here, 
of which so large a portion consists of exchanges with scientific institutions and societies in 
other countries, are aLw regukrly given in*the Records, 

In addition to the ordinary current work of the Survey much additional labour has been 
undertaken in furnishing brief notices or sketches of different districts or provinces for district 
officers, and lately more especiallv for the officers chaiged with the editing of the several 
Gazetteers now in preparation. These notices are necessarily required to be brief, but the 
briefer they are, the more time and trouble^ they cost. I have further undertaken to continue 
to supply these notices from time to time, not only for Bengal, but for other parts of the 
coun^. Copies of geological maps, and sketch geological maps have also been given to 
KTeraf public authorities and others, who have been interested either in investigations con- 
nected with the mineral resources of the countiy, or for sanitary purposes. Of the valu« 
ud utility of these maps, we have received cordial acknowledgments from alL 

LiBBABY. — During the yelur just past* 863 volumes or parts of volumes have been 
added to our library. Of this number 393 were presented by other institutions or 
societies, or were received in exchange for the publications of the Geological Surv^ey. A full 
^ as alr^idy mentioned, is given of the adoitions eveiy three months in the Records. Aa 
uiuai, a list is here appended showing all the societies or public institutions from which 
donations or exchanges nave been received during the year 1869. 

As with the collections, so also with our books, maps, &c., we are most seriously incon- 
venienced by the veiy limited space available for their exhibition or preservation — a mfHculty 
which there is at the present no means of obviating. 

MusBUK. — So far as there has been any room, additions have oonstantiy been made to 
the collections exhibited in the Museum ; and all practicable means are adopted to prepare 
<^er series for exhibition, whenever it may be possible to aooomplish this. More Uum 
^>00O specimens have passed through the Curator's and Assistant Curator's hands, and have 
l^era entered and catalogued for reference during the year. But many o^ these had to bo 
packed up again, there being no place to keep them otherwise. Cases have been procured as 
<inickly as possible for the additional rooms noticed in last year's^ r^>ort, but they aie not all 
rwkiyyet 
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MmoiiTBA. — Our noble oolleotioB of MeieoriiM niaiTitaiTm it§ exeellenoe. Duiin 
twelve months paet» we hftve had additiona of • eood apedmen of the Khetree &I1 (Feb 
1867)a for which we are indebted to Mr. D. Waldie of Calcutta, and raeounens c 
Ornana fall (July 1868) ; of that which oocurred at Sclavetid in Croatia (May 1868) 
of the maas which fell at Kr ah en berg, near Zweibriicken (May 1869). For the last 
we are indebted to Dr. Tachermak of the Imperial Mineral Cabinet at Vienna. 

Aa customary, an Index map, on a small scale, is appended, ahowing rou^bl]^ the pn 
state of pTogresB of the Survey ; aa also a list of those aocietiea or public inatitnlaons ' 
which we have received publications, during the twelve months, in exchange for those 
Geological Survey of India* 

T. Oldham, 

Camp, Chakda DlsmcT, | Supdt, of GfeoL Survey qf India oad 

Januarif drd, 1870. > Director of Geol, Museum^ Cakni 



Lid cf Societies and other FuhUe Lutihdione, Ac, from which publieaiUms have 
received in donation or exchange for the lAbrary qf the Geological Survey of I\ 
during the year 1860. 

Bbloium. — Academie Boyale dea Sciences, Bruxelles. 
BsBLiN. — Academy of Science* 

„ Deutsche Greologische GeseUschafL 

Bombay. — Geographical Society. 
Boston.— Society of Natural History* / 

„ Museum of comparative Zoology. 

3BB8L4n.*— Schlesische Gesellschaft far vaterlsndisohe Cultur. 
Calcutta. — ^Asiatic Sodetv of Ben^. 
. 1^ „ Agri-Horticultural Societv* 

< „ Indian Annals of Medical Science* 

Cornwall. — Royal Geological Society. 
Debsdbn. — ^Naturwiss. Gesellschafli, Isis. 
Dublin.— Royal Society. 

„ Royal Geological Society. , 

Edinbuboh. — Ro^al Sclciety. 

GoTTiKOBN. — Konigl. Gesellschaft der Wissenschaften. 
Hallb. — ^Natural History Society. 
JuBBULPOBE. — Government School of Industry. 
Lausanne. — Soci^t^ Yaudoise des Sciences Natui^lles. 
London. — Royal Geographical Society. 

„ Royal Society. 

„ Royal Aaifftic Society of Great Britain and Ireland* 

„ Geological Society. 

„ Geological Survey of Great Britain and Ireland* 

„ Society of Arts. 
MAi>Bii>.r--Royal Society. 

MAVCHB8TBB.-^Literary and Philosophical Society. 
Moscow. — Soci^t^ Imperiale des NaturaHstes. 
NoBWAT. — Royal University of Chriatiania. 
Palbbmo. — Scienze Naturah ed Economiche. 
Pabis. — Academv of Sciences. 
„ Comm. des Annales des Mines. 
„ Soci^t^ G^logique de France. 
Philadblphia.— American Philosophical Society. 

„ Franklin Institute. 

RooBEBE.— Thomason CoUege of Civil Engineering. 
Salem. — Essex Institute. 
ToBONTO. --Canadian Institute* 
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TuRTK. — Boyal Academy of Sciences. 
Victoria. — Koyal Society. 

„ Philosophical Institute. 

„ Govt. Geoloncal Survey of Victoria. 

VisNirA. — Kais. Akad. &r Wissenschaflen. 

„ K, K. Geologische Reichs-Anstalt. 
WjkSHiNOTON. — ^Smithsonian Institute. 

Governments of India, Madras, Bombay, Bengal, N. W. Provinces, Pui\jab ; Chief Commis- 
sioners, Oude, Central Provinces, British Burmah. 



N0TB8 ON THB Gbologt OF TRB K8IOHBOUBHOOD OF Madbas, — ^by B. Bbucb FooTB, Esq., 

F. G. S., Geological Survey of India. 

The greater part of the Madras district lying north of the Palar river and south of the 
Pal icat like is occupied by rocks of the secondary, tertiary, and recent ages, 'the remainder 
of the area being taken up by metamorphic rocks forming part of the great gneissio series 
of Southern India. 

The topographical features of this part of the Camatic are very simple, the ground 
riging from the coast westwsjrd up to the foot of the Eastern gh4ts and their outliers, in a 
very gradually inclined plane which I will call the Madras area. The surface of this plana 
is varied only br the shallow valleys of the Namaveram, Cortelliar, and Palar rivers, the 
latter forming the southern boundary of the tract of country now under consideration. In 
the north-western part of the district the inclined plane is broken bv two groups of hills, 
the Sattavedu and Aliooor hills, to the west and north-west of which, but just beyond the 
boundary of the country now to be described, rise the Naggery mountains, which are lofty 
ttd conspicuous, but perfectly detached outliers of the Eastern ghftts. The south-eastern 
ooraer of the inclined plane is dotted by a number of low, but picturesque, ridgy gneiss hilb. 

The northern, central, and south-western parts of the Madras area axe occupied by the 
strati6ed rocks, xx>ughly speaking, the southern and south-eastern parts by the metamorphio 
rocb, a narrow belt of which must be included all round the western boundary of the 
v«a of the stratified rocks. 

Classification of thb Rocks. 

The foUowiffig tahular statement illustrates the various groups into which the rooks of 
^ Madras area luive been classified : — 

(Blown aandfl. 
Bsoent «r gostenurj ... •{ AUoviam, mMrine, aa4 flavlatUs. 

(Laterite and Coi\JeT«ram gravela. 

Tartiaiy ... ... Gritty landatonea.? Gnddalora aandftoass. 

*****""^ \Jtixaarie, BiO»^bai iiHant bada. 

SabmatamorpUo — Cuddapah group. 
Xetamorphio ... ... Gndaaio Miioa. 

The Blown &i]m^.— These sub-aerial deposits an of no great extent or importance, 
u they form merely a firinging ridge to the besch. To the soutii of Madras they are largest 
^^ and to the south of, Covelong (Kovilam of the natives). North of Madras they attain 
their greatest height, between 40 and 50 feet, at a plac» called Chintamanikovil, where Ihey 
have nearly ooverox up ihe Kovil (Hindu temple). 

^e greatest width attained by this coast rid^ may be about a mile, but it is generally 
^uch less, and the amount of drifting inland is not of anv real importance, and easily 
l^ped by plantations of suitable trees, e. y., Casuarinss, Paunyra palms, Screw pines, and 
vuhewnut trees, all of which flourish near the coast 

7%0 alluvial /brmaiume.-^TheM are of two classes, marine (including estnarina) and 
pvnstile, but they are nearly undutinguishable in character, and at many points gradttate 
"ito eaeh other impemptibly. 
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Their general cb&racter, as seen at the surfkoe, is that of pore, or nesrlj pure, siltcioiu 
sands, but beds of black, blue, or grey clay occur largely below the surfiioe in the marine 
alluvium near Madras ; these are, however, much less frequent in the fluyiatUe aUuTimn 
higher up the river valleys. The greatest depth to which the marine beds have been 
pierced by sinkings is 65 feet, when the gneiss was reached. In the marine and estosriDe 
Dcds along the coast many of the clajs are largely filled with shells, all of living species, but 
in a sub-fossil condition. Such manne beds are known to extend two to three miles inland, 
but I could not ascertain whether they had been penetrated by any sinkings further inland. 

The river alluvia are of more interest than the marine, becaase they afford evidence of 
some remarkable changes within the human period in the courses of several of the principal 
rivers in the district. Lithologicall^, the fluviatile alluvia are of no interest, for they consist, 
as a rule, of nothing but coarse, gritty, loose, silicious sand. Gravels or clayey beds are rare, 
and organic remains are hardly ever met with, excepting a few HMnet and fresh water 
shells, (all of living species), in thin beds of reddish loam. 

The changes in the course of the rivers above referred to are four in number, and ooncero 
three rivers, the Palar, the Cortelliar, and the Naggery river, hut I will only nodoe the two 
most important here. 

The Palar now flows into the sea 42 miles south of Madras, but it, or a large brandi 
of it, formerly flowed down what is now the alluvial valley of the Cortelliar, and deboached 
into the sea, somewhere to the north of Madras, probahly between Ennore and Policat 
The present Cortelliar valley is very disproportionately large as compared with the rirer 
whion runs through it in a rather deep channel. 

The present valley of the Palar is still more disproportionately small as oompaied 
with its river ; the two alluvial valleys join, or rather diverge, at a place about 10 miles east 
of the town of Arcot. A stream is even now connected with the Palar just at the fork 
by which water is still carried down the Cortelliar valley for many miles and eventually ialls 
into that river. 

This stream is considered hy the natives to be the old Palar and bears a Sanscrit name^ 
Yridachara nuddee or old milk river, the Tamil word Palar also signifying milk river. A 
similar change, of course, has occurred to the Naggery river, which in former times fell into 
the Namaveram river, close to the Ramaghiri mountain, at Nagloperam. The Naggeiy riTer 
'^kA diverted from its old course at a place about two miles east by south of we town of 
Naggery, and made, by the cutting of a channel about half a mile in length through 
gneissic rocks, to turn to the south-east instead of flowing dne east and east by north and 
to fall into the Trittang river, which joins the CorteUiar a few miles further east. The 
hroad aUuvial valley which now rans between the Naggery mountain ridge and the Aliooor 
hills is in consequence of this change drained only by smiall stzeams and artificial ^annek 

I could not obtain any information on this point fimn the enquiries I made on the spot, 
but from the appearance of the cut through the neck of gneissio rock above described, I think 
the change of the river course was the result of human agency. Like the alluvium of the 
Palar river the alluvia of the Naggery river (both in its old valley and along the newer 
channel as &r as its junction with the Cortelliar) and of the Namaveram river consist almost 
entirely of coarse gritty sand ; clay beds are rare, but where met with are of black color and 
regur-Iike texture. AU the rivers named appear to be still cutting their channels deeper and 
deeper every season. 

Lateritie /brmatioM,-^The formations classed under the above heading are of three 
principal kinds, namely, clayey conglomerates, gravels, and sands whioh occur £stributed over 
nearly the whole of the area under consideration. 

Their occurrence is, however, not so much in continuous spreads as in detached patches, 
many of which are but of small size, though some occupy important areas from one hundred 
to two or nearly three hundred square miles in extent. 

These larger areas occupy, as a rule, the higher grounds lj[ing between the diflforent river 
valleys ; the small patches occur at similar levels and are evidently outliers left by partiil 
denudatory action by which the once continuous lateritie deposits have been thus broken up. 

The thickness of the lateritie formations is very small when compared to their soper- 
ficial extension. They rarely attain a thickness of 12 feet or upwards. 
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The three principal kinds of rook above enumerated whioh make np'the balk of the 
lateritic series, namely, clayey conglomerates, gravels, and sands, are found constantly 
gndaatin^ into each other in such a manner that they can only be regarded as parts of 
one and the same deposit, however various the appearance of the di^rent members. 

In the Madras area, and to the north of Madras in the Nellore district, the character 
of the lateritic formations is considerably different from that of the representatives of the 
tnne series further south in Trichinopoly and South Aroot distaricte, the difierenoe consisting 
in the much mater frequency of conglomerates and in the presence of large quantities of 
qoartzite pebfies enclosed in the conglomerates. This peculiant^r depends on the proximity 
of the quartdte rocks of the Cuddapah series, which attain their southernmost nolnt in the 
Naggery mountains, and even more perhaps on the extensive destruction oi the much 
Toimger conglomerates of the Jurassic series which were mainly composed of pebbles and 
Wders of such quartzite and were of great thickness. The latentes of South Arootr 
Trichinopoly, and Tanjore, on the contrary, do not, so &r as known, contain any quartzite 
whatsoever, but only fragments of gneissic rocks, and these but very rarely. The nearer the. 
Isterite of the Madras area spproaches to the Alicoor and Sattavedu hills, which are entirely 
composed of the coarse Jurassic conglomerate above spoken of, the larger do the quartzite 
Bod other pebbles it encloses become. In some of the laterite sections indeed near those hills 
the conglomerate is so coarse that few of the enclosed pebbles are less in uze than a man a 
bead, and many very much larger ; some, indeed, though perfectly smooth and well rounded, 
of such size as to deserve the name of boulders. 

In such conglomerates the matrix of ferruginouB day iron stone is almost masked by 
the included 



Near the sea, however, as at the Bed Hills, a few miles north-west of Madras, the 
included quartzite pebbles are small and not numerous, and the conglomeratic character not 
everywhere visible. Where such is the case, the peculiar characteristics of typical laterite, 
namely, its ferruginous character, its permeation by tubular and vesicular cavities filled with 
pale colored sandy clay, and lastly, its hardening and becoming coated with a glaze when 
exposed to atmoepheric mfluenoes, are seen to perfe^on. 

The laterite gravels frequently contain pebbles of quartzite and gneiss mixed with the 
Ditiform ferruginous pellets in varying proportion according to their proximity or distance 
uom the older quartzite yielding rocu. Tne sands associated with the lateritio conglomeratee 
and gmvels show considerable varietv in texture and color, the latter depending on the per* 
eenti^ of iron. They not unfrequently contain a large quantity of clay, and are' then apt 
to Gi£e and harden, but without the excessive Assuring noticeable in purer clays. These 
asndy beds are frequently found overlying t^e highly ferruginous beds and form to a great 
extent the soil of the laterite areas. 

Tke Conjeveram gravels. — In the south-western part of the Madras area the high 
grounds north-north-east and north-west of Coxgeveram are covered by a jpeculiar quartzite 
gravel formation occupying tiie same relative position as the true laterite further to the east 
and north, but distinguishable from it by the absence of ferruginous matter, and conse- 
quently by its pale color. This change in mineral character (supposing the Conjeveram 
gravels to belong to the laterite period) takes place a little westwara of a line drawn from, 
Walhgahbad due north to the alluvium of the Cortellisr valley, but unfortunately no section 
oocnrs showing the two formations in juxtaposition. 

Both have so far proved unfossiliferous as far as true organic remains are concerned, but 
both appear to contain implements of human manufacture in the shape of axes and spear 
heads made of chipped quartzite pebbles and of the same types as those occurring in the 
gravels of Western Europe. I have given the name of the famous old town of Conjeveram 
to this non-ferruginous gravel deposit, from its occurring, so far as I know, only within the 
Coojeveram talnq. 

CuDDALOsB Sandstones. 

Underlying the lateritic formations in the northern part of the Madras district is » 
gritty sai^tone of white or drab color sometimes slightly mottled with msty spots. Thi» 
•fodstone, which is wd^ exposed only in the elifis on ike soath side of the Cortelliar rivssv 
iix miles north-west by north of tiie Bed Hills, bean a strong resemblance Uthologically. 
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to tome p*ita of the Cnddalore t>n<faton«i as ieen neir Cuddalore, and fike tbem appeftn 
eompleielj nsfoniliferoiit. In the CorteOiar eBflh the IbDowini^ aectioii » exposed : — 



LftterlUe co n tto — rato ... ... ... ... .. S to 4 fiMt. 

Mottled frittr indrtw ... ... ... ... «• e « 

QnartsoM frit of b«iiy white aad browa colon, beeoMimr vUtcr asd 
eoofser gnioed dowBwttda, fvry Mobte; bodi dhrMcd l»j tUa 
pofftiiiff of Konkur ... ... ^ ... ... M to 49 » 



The beie of the section is vnfoitanstelj entirely obsenred hj Ulen masses, or bj tlie 
water iHiieh here remains in a deep pool at the foot of the cHIBk 

It is not known what underties these beds, to the/ can onlr be proTiaooallj regarded u 
representaiiYes of the Cnddalore sandstones. The gritty sandstones west of Poonsmaike 
which Mr. H. F. Bbinford was disposed to refer to the same sapra-eretaoeons position hs?e 
yielded a few fossiLi of unmistakeably Rajmahal (Jurassic) character. 

Ko representatives of the eietaoeoas group being aa yet known to oeeor withlb tb« 
limited Madras area I pass on to zeriew the difRsreni members of the 

BaJKAHAL OB JVBJUBSIC ROCBB. 

Althoo^ oocapying superficially a lesser area than the lateritie rodn, the Bi^mahal 
beds are of mfinitely grMter gedogioai importance and desenre coosideraUe attention. 

lake the lateritie rocks, the Bajmahal beds are scattered about over the oountzy in £ 
number of detached areas and patches divided from each other by aQuvial Talleyn or by 
bands of overlyine lateritie stmta that have escaped denudation. From this broken up 
condition of the formations added to the absence of really good sections it is difficolt and in 
some cases almost impossible satisfactorily to correlate the diffisrent formations occurring in 
sereral patches. 

For convenienoe sake it will be better to consider the sereral distinct patdies in four 
croups, ignoring as much as possible the interrening covering formations of younger date. 
It is on^ in uie three northern of these four areas that the base of the Raimahal beds ii 
seen, resting on the gneissic rocks along the foot of the western flanks of the oattaTeda and 
Aliooor hills and of the low plateau east of the Arconum railway junction. 

In the Sripermatoor area the base of the series is nowhere seen owing to the great 
thickness of the surface deposits. Owing partly to the peculiar shape of the ground, bat 
still more to the general aottness of the rocks and to the consequent enormous aoeumolationt 
of debris covering the surface, no section exists showing the true relations of more than small 
portions of the lUjmahal series, which renden any strati^raphical sub-dirision of the entire 
series very difficult and uncertain. A provisional sub-division into two groups has, however, 
been proposed, based mainly on lithological differences. 

To one group consisting of ooaru well consolidated conglomerates and sandstones tbe 
name of Sattavean group has been given, from the fact of these beds having been fint 
stndied-by my eollMgue, Mr. King-, in the Sattavedn hills. 

The other group, consisting of shales, clays, and gritty sandstones and unconsolidated 
conglomerates, we nave called the Sripermatoor group, from its most important memben 
occurring under and around the town or Sripermatoor. 

The Sattavedu Group. — In the Sattavedu area the entire series of rocks met with 
consists of alternate bands of oongbmerates and sandstones many hundred feet thick. These 
beds extend southward into the Aliooor hills area (under the valley of tibe Namaveram river) 
and form the eastern and loftier half of the hill group. The entire eastern base of both the 
hill groups is covered up by lateritie conglomerates and sand, by which any extension to the 
east of this series is completely masked. 

The chief petrological character of the members of this series is the prodigious ooaisenev 
of the conglomerates which are made up of large well rounded smooth peboles of quartsite with 
a small number of similarly waterwom msssos of granitoid gneiss firmly cemented together 
by a varying oement which is sometimes argillo-ferruginous, femigino-aronaoeons, or silicio- 
ealcareous. In some of the sandstone beds m the Sattavedu hills Mr. King discovered tbe 
finr plant remains, amongst whieh was part of a recogninble Dictyopterig frond, pnmng the 
true Bigmahal charaotor of tiie beds which oontained it In the southern extension of the 
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lime beds in the Aliooor hills no fossils were found. The i*ndstones are mostly mther gritty 
in texture and only oocasionally sufficiently oompsot to be useful as building stones. 

Sripermaioor G^rMf^«— Apparently underlying these Sattavedu beds in perfect con- 
fbnnity are certain conglomerates, ^ttj^ clays and shales which form the western and southern 
parts of the Aliooor hiUs, and which differ from the beds of the Sattavedu series in bans^soft 
and quite nnoomnacted and of white or grey instead of hrown and reddish colors. Even 
the ooanest conglomerate beds at and near the base of the series are soft, the pebhles and 
boulders of quartzite and ffneiss, instead of being bound together by some firm cementing 
material, merely lie imbedded in a very friable, more or less clayey, grit consisting of quaxtzose 
debris derived ham the gneissic rocks. Flanks of the hills consisting of these uncon- 
solidated rocks are deeply covered bv debris which is cut through by only a few rain-gallies of 
recent origin, and it is these only which afford sections of the undisturbed rocks. Many of 
the gullies, however, do not even cut through the thick coating of debris and rain wash. No 
section was found . showing these unoonsolidated beds in contact with the consolidated 
Sattavedu beds where they approach each other in the centre of the Aliooor hill group, hut as 
far as the rounded outlines or the hills at that point serve to guide the eye there is an 
undanbted dip of the softer beds under the hard conglomerates of the Sattavedu series. No 
Ngnof any fkult between the two series could be traced, but a fault might well exist and yet be 
perfectly masked by talus and dehris. The nearest visible point of approach of the two series 
18 a sh(M*t narrow east and west ridge abattinp^ at rieht angles against the hard basement-con- 
glomerate bed of the Sattavedu series, which bea here forms a prominent north and south 
ridge, succeeded to the eastward by several other ridges, corresponding to as many fp^eat con- 
glomerate beds. The valleys running down north and south from the cross ndge above 
mentioned are the two principal valleys in the central mass of the hill group, and the depth 
to Triiich they are excavated is due to the greater sofbiess of the underlying Mds as compsM 
wiUi the overlying series. The southern part of tiie Aliooor hiUs, called oy the natives the 
Naikenpolliam hius, is i^paxentTy composea only of the unconsolidated beds which have trend- 
ed in the direction of their strike from north and south to west-north-west and east-south*4 



The basement bed at the south-west of the Aliooor area near the village of Naiken- 
polliam contains included masses of conglomeratic quartzite of such tremencfoas size — 800 
to 1,000 cubic feet in bulk—that they suggest the idea of their being the relics of the base- 
ment bed of the Cuddapah rocks, which are so splendidly represented about eight miles to the 
north-west in the tremendous cliffs of the Naggery ridge, parts of which have a vertical face 
of 1,000 feet high. 

Glacial agencv being inadmissible in so southemly a latitude, except on exceedin^iv 
strong evidence, the only probable expknation remaining is the one above sumested, whidi 
denTes great probability nrom the fact that, on a far smaller scale indeed, simi&ur masses of 
gneiss are included in situ in the basement bed of the Rajmahal plant beds at Ootatoor and 
elsewhere in the Trichinopoly district. These great quartzite masses, it is true, are not seen 
to be resting on the gneiss surface, but the latter can only be a few feet further down the 
slope. The inclusion of gneiss blocks in the basement bed of the Bajmahal series is to be 
Men only a few miles to the south in the banks of the Naggery river at Chittapuram. 
Numerous plant remains of unquestionable Baimahal species were found in the pnncipal 
"«ctbn at the south-west end of the Aliooor hills. Amongst these plant remains were parts 
of TiBniopieris, Dieiyopteris, Palaozamia, and PteropkyUum, and x'oaci^-like stalks. 

^ Unfortunately from the friable nature of the clay bed in which they occur the 
i&siority appear to have become unrecognizable in drying, though when freshly extracted from 
the ma&ix even the most delicate venations and nervures were plainly visible. 

On the south side of the Nailcenpolliam rid^ the lower members only of the series 
Appear to be represented ; they consist of unconsobdated conglomerates of various de gr e e s 
of ooaiseness, gritty sandstones and micaceous sandy shales, exposed in a few streams and 
ft great many well sections. 

The onbr section which yielded fossils was one on the north bank of the Naggery river 
^^Pposite to Chittapuram, where two beds of rather friable sandstone were found to contain 
punt rsmains, amongst which fragments of Trnniopteris and DieUfopterit were identifiable. 

On the opposite side of the river in the I^rsnoor area the same beds reappear, and aiw 
^cre seen to i)e very low down in the series, in &ct only a &w feet above the oasement bed, 
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'«rhid^ here indudee, or rather is deposited around and among, sundry largis masees of gyeai- 
toid and gneieeic rock, l^eee eandttoneB with micaoeoos shales and sundry oonglomente 
beds of the usual unconsolidated tfpe extend henoe throughout the Pyanoor aiea> is proTed 
by the numerous well sections, which STeiy where pierce the superincumbent lateritic conglo- 
merate. 

The connection between the beds occurring in the Pyanoor area and those lying within 
the Sripermatoor area, 12 miles to the south-east, is not clear owing to the difTerence in 
petrological characters and to the insufficient evidence afforded by the organic remains, kt 
far as tne relative topographical position of the two areas affords any clue it is in favor of 
the beds of the Snpermatoor area, being simply an extension of those in the Pyanoor area. 
the difference in mineral character of the respective beds being probably due to the more 
litfcond character of the Pyanoor beds as compared to the Sripermatoor beds, which though 
not to be considered as deep-sea deposits, yet appear to have been formed at considerable 
distance fiom the land of the period. This view is favored by the lithological character of 
a small series of Rajmahal oeds exposed in a section lying about half way between the 
I^anoor and Sripermatoor areas. 

The most important member of the series in the Sripermatoor area is a white shale, 
the plant bed par eminence, resting on whitish friable gritty sandstone, which is in all 
probability the basement bed over a great part of the area. In the southern part of the 
area there is another series of grey clavs, reddish sandstones, and buff sandy shales, whose 
position with reference to the plant-shale could not be ascertained in the absence of an; 
section showing the two series. 

The area occupied by the plant-shales is, roughly speaking, a rectangular basin about eight 
miles long from nortii to south by four from east to west, formed by ue junction of several 
shallow valleys sloping very gently eastward. Several low hills rise out of the basin and are 
oapped wit^ laterite. The town of Sripermatoor stands iii the norih-west comer of the 
hasm, which is surrounded by rising ground, the edge of which is here and there slightly 
scarped. Tq Uie south-east, however, a mere roll of the ground occurs much obscur^ bj 
surface soil, and beyond this the grey clays appear. The plant-shales are apparently con- 
tinuous all over the basin-like area, and i^pear to form only one bed which rolls about very 
slightly at low angles, or is horizontal. The shale is white, pale-grey, or buffy-drab in 
color, with in one or two places a little reddish or purplish motUing. The plant remaiiu 
occur scattered through tne mass in a fragmentary condition, as if they had been torn off 
by stormy winds ana then drifted out to sea. In many places they are mixed up with 
remains of marine animals, e. ^., at Amarambode and Valerie. 

The richest collections of fossils were made in the north-east comer of the basin where 
the two sections above named yielded specimens of nearly eveir species in the Rajmahal 
beds of the Madras area. In the western part of the basin animal remains were rarely found, 
indeed plants were everywhere more frequent than animal remains. Of the plants several 
species have been recognized as identical with species from the Bigmahal beds of Bengal 
and Cutch. These are JPaltBozamia CutchensU and acutifolium and a DictyopterU. Th^ 
foUowinffgenera of plants appear also to be represented among the specimens collected by 
myself: !&xodite» (i), Pterophyllum, Taniopteris^ Stanqerites, JPecopterie, Lyeopodium (0, 
JPo€tciies, and parts of exogenous stems perfectiy silicified. 

The animal remains which I discovered and collected included a considerable number of 
bivalve shells which, according to Dr. Stoliczka, belong to the genera " Letla, YMia, TelUna^ 
jPiammobia, Lima, Pecten, qrc, all forms with a remarkably thin shell, and the allies of 
which are usually found living on sandy ground in from eight to ten fathoms of water. 
Several exhibit a resemblance to species fi^m the cretaceous rocks of Trichinopoly, hot none 
appear to be specifically identical".* 

Besides the above were several small Amm&nitee referred by Dr. StoHczka to the 

*'Dentati" group (but unfortunately not suflicientiy well preserved for specific identification); 

one a singmar conical chambered shell, (P a phragmooone) of apparentiy oephidopodous origin, 

aud some fish scales. 

^ ■ ..-■-- . I 1 1 ^1—— ™ 

* 869 * General resolto from an examination of the Giiatropodoas fktina of ihe South Indian Oetacrans d^pnafts, 
^5 Tfir6. fttolf czka, Ph D., F. G. 8.» Palwmtoloifitt, Geologieal Sorvejr of India, p*ire », in Vol. 1 of ftoevrd*. 
Oodoginl Sunrqr of India. 
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Reierence has tlreadj been made to ihe different lithological character of the rooks 
occnrrinff in the southern part of the Sripermatoor area and to the absence of sections 
bj which to determine the relationship of the two sets of beds. The series of beds here 
met with consists of white, gzey-bnff and black sandy days, and brown, buff, reddish-purple 
and white gritty sandstones. One of the pale-buff sandy cUiys contains remains of 
Palaozamia and Stangerites, None of the sections show the rose of the series. From 
its topographical position and petrological character I am inclined to think that this series 
nnderues the great " plant-shale" bed. 

Of very similar character and probably occupying the same relations to the "plant- 
shales" is a series of gritty sandstones and shales exposed in a fine section made by an 
artificial channel running into the great ChumbrumDaucam tank on its north side. As 
this section lies two miles outside of the Sripermatoor area and the intervening space is 
obscured by the laterite, the position of the series here seen relatively to the "plant-shales" 
can only be guessed at. The Rajmahal character of these beds is proved by the finding of a 
fragment of a Dietyopierit in one of the lower beds of shaley sandstone. 

To the south-west of the Sripermatoor area the Rajmahal series appears to extend to 
some four miles beyond Conjeveram, for shaley and sandy beds of precisely similar character 
underlying the Conjeveram gravels are to be seen in several well sections. The most westerly 
point at which unquestionabTy Rajmahal plant remains were found was one mile to the south- 
vest of Rajah's Choultry. 

In conclusion I may point out that these Rajmahal beds of the Madras area contrast in 
several respects with those of Beneal and Cutch. The Madras Jurassic, or Rajmahal, beds 
contain no carbonaceous matter, which in their equivalents in other parts of Inma occurs so 
Wely as to form coal seams. Nothing but silicined wood has been found in the Madras beds, 
and unlike the Bengal beds, in the Rajmahal hills, with their great intercalated trap Hows and 
the Cutch beds, which aro overlaid by trap flows of tertiary age, the Madras series is nowhero 
penetrated by, or overlaid by, igneous rocks of any kind, nor in the least degree metamorphosed. 
Another contrast^ but of less importance, is, that unlike the Cutch beds, which aro often of gay 
v)d bright colors, the Madras oeds are remarkable for the dullness and sobriety of their 
eoloring, a remark which applies also to their representatives in the Trichinopoly and 
Nellore districts. 

TfiS SlTBKETAXOBPHIC AND MSTAMOBPHIC ROCXS. 

These demand hardly any notice in this place. The younger or sub-metamorphic series--' 
the Kaddapah group-^does not come within the area treated of, except in one, and that possibly 
a doubtful case (see pa^ 11). The metamorphic rock series — the gneiss of Southern India— 
tlflo presents little of mterest locally ; near the coast it consists of alternating bands of 
gnartzo-felspathic and homblendio beds which run to some extent parallel with the coast line. 
Farther inland to the westward of the laterite and Rajmahal areas, the gneiss is more 
highly crystalline and largely granitoid or syenitoid in structure, and is traversed by a few 
trap dykes intruded prior to the deposition of even the Kuddapah rocks. 



O5 THE ALLirVIAL DEPOSITS OF THE IeAWADI, MORE PAKTICXTLABLY AS COHTBASTBD WITH 

THOSE OF THE Gakoes,— by Wm. Theobald, Juif b., Esq., OeoL Survey qf India. 

It may fairly be presumed that the orifirin and ^wth of those extended alluvial 
^epoflits, forming the plains through which tne more unportant rivers, carve their way to 
the sea, were, in each several case, very similar, and that the historv of the deposition of the 
"loess" of the Mississippi valley was but little difierent fit>m that of the "loess" of the 
Bhine. Each river system of course has its particular history, recorded in the alluvial 
deposits of its basin, which, in some cases, afford a simple, in others an intricate, record of the 
S^logical vicissitudes the area has undergone, and m tracing this record we are not un- 
nequently brought in contact wiUi problems far more intncate and extensive in their 
Wing, than the apparently uninteresting character of the beds would suggest, and we have 
here in TndW in toe " loess" of our larger river basins, the same phenomena to account for, 
^ich have so «ieicised the ingenuity of Geologists in the case of the " loess" of the Rhine. 
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Id ereiy luge rivet basin two dietinct ftUuvial depouU will geuerallj' be met with, and this, 
tlioogli it ma; leem a somewhat obvious &ct to Utj mnch stregs oo, baa neverthetesa been 
overlookod in some instances, where its admission was necessar; for the true eiplanttion of 
the geology of tbe district One such instAnoe is afforded in Mr. Fergusson's paper in t\ie 
Qn&rt. Qeol. Jour., Tot. XIX, 1863, where the ftutbor, from not properly grasping this fa<:t, is 
betrOTed into advoeatiug ■ theory of elevation of the beds supporting tue "Madhopore 
jungfe" whioh he never would have been, had he rishtlj comprehended that he was deslii^r 
not with one, but with Ado groups of alluvial beds unconformable with each other. The 
older of theae groups may be either i M i S ' iT ",' lM jitrins . **' "^ * miied and Bltflmating cha- 
nicter, but tbe newer gronp is essentially fluvio-laenstrine, and directly prodooed by the 
existing river, albeit at one time, under surface oonditionB widely ditTerent from those now 
eiittiitg ; the former of these groups I shall epe^ of as the older alluvium ; the latter, ss 
the "oewer" or "Gangetic" or "Jrawadi" alluviom, as the case may he. One cnratisl 
distinction between these two groups, apart from mere ^atigraphioil differences, is, Uiat whilst 
no venr considerable thickness of tbe newer group can anywhere have been deposited, 
without a corresponding subsidence below of the area so raised at top, a very lai^ accmmU- 
tion of the older or estnary beds may have taken place, during an elevation of the ires 
coreied by them. 

er discharges its waters into the sea, namelj. 
ir elevation, and how lately, not only the 
uiaiiKifli ui uiD uc^ivKi^ ui <• uHgE 1 1 V CI uc iufluenced by tbe prevailing conditions at tlie 
tune of thnr formation, but the physical peculiarities no less of the delta itself, I sbtU 
endeavonr to iUnstrate by the Irawadi, and the contrast which its delta presents to tfast of 
its sister stream, the Ganges — as iheee two rivers, the Ganges and Irawaoi, happily fnmish 
UB with examples of rivers anhjected to respectively the first and last named conditions. 

In the Ganges valley the devetopuent of the tieioer or Oangetic alluvium propeil; 
•0 called (or as I woold propose to restrict the term) is very considerable, and ita relation 
and junction with the older deposits usually well defined. In tbe upper part of the valley 
it is Dlore or less restricted hi the immediate neighbourhood of the river and to the narrow 
limits within which the river alUis its chauoel, but it at once spreads out on either bank 
over a vastly broader area than before, so toon as we descend below tbe confluence, on their 
respective bonks, of the Gandak and S6n; the newer deposit assuming, east of thoee rivers, 
much of the importance, te far as area goes, which the older group claimed to the west 
Dn the north of me Ganges, in the meridian of Pumeah, the newer group is thirty miles 
broad, which corroborates a native tradition, that that city once stood on the Ganges.* 

Eastward from Pumeah, in the direction of Rajshaieand Pubna, the newer deposits spread 
over a wide tract of low-t^ne country, the older cUy being, however, often but a few fbet below 
the snritiee, and exposed m the beds of tanks or other artificial sections. Where thin clay 
arises from beneath the newer group, we often find it (if not usually) presenting a cleariy 
defined boundary, giving rise to an elevated tract of country, which offers a complete contrast 
to the low-iyinK inundated land occupied by tbe newer alluvium — as an instance of which. 
I may qaot« the narrow strip of clay country which runs down through the newer CTonp, 
and stnkes the Ganges above the station of Bampore Beauliah, near Eurgatchee. South 
o£ the Ganges, all roand the B^mabal bills, the bonndary of the two groups ii more 
intricate, and in some of the railway embankments a cnrious contrast is afforded by the 
difference in color of the cUys belon^ne to different groups of which the embankment is 
composed, the aarth at one end derivea from a ^atcb of old hunker clay being a bright 
reddish yellow, whilst at the other, it assumes a pitebv hue, trom being taken from a bed of 
tbe newer deposit, dark-c<Jored from the accident of its forming part of the dried np bed of a 

1« msf raqnin U be oilsmd, bnt sfMr usmiPlsg' ths gmuid, I eo>. 
"nnssli iNstalDtd to th* ohur rMhsr than tht ihw«t gianp. Tlioiigli nor 
I and Dndnlats emildusbb u '■ wpnseh tli« tiiUs, uii] Inehid* pebblB 
Dortli [or towuda Ui* fallH). TheBAdlent of th* nmiiid, too, iRsr nuafcif 
Ih, tlut of tbo thMj nUn tetvon Anaah sud tilt Oinn Mmr sdIMrb, io 
vadstinhaMisf thsilsir Ihsvstinn. The JoneUon ia, Tt la tni*. emhwdh 
•andj ■■tsn of the mtlUst beda of the older irroup, which rcadll^ eoaunlBflt 
mlla, the Imporiaal fact of th»ifradl*Bt' "'" ' — " "■' — 



ipoilta, the Icaporlaal fact of the tfradlent donblinn alou tW 
akST eW irf ih* oldtr gmnp is JutsposMi to the aanda n 
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marah close aoder the hills (trap) in which spots the soil often bears no inconsiderable 
leaemblance to the " Eegur"* or dark " cotton soil" so extensively spread over Central and 
Western India. 

If we follow the river by its most direct course to the sea down the Bhagirathi we see 
the last of the older deposit or " knnker" clay in the steep bluff of Bangamatia ("staiixed 
earth") over 100 miles as the crow flies above Calcutta. 

Below this to the sea all is Oangetic allnviuin, which at Fort ¥niliam, as revealed to na 
by the boring operations for an artesian well, is about 70 feet in thickness, resting on the 
denuded surface of the kunker clay, which is clearly indicated by the " rolled kunker pebbW 
strewn over it, and intersected at that depth by the bore. To consider, however, tne older 
deposit, merely in its aspect as regards the Gangetio basin, excavated in it» is to negiect a 
f^reat and important parz of its history, that is, tihe entire period during which the great 
thickness of beds under Fort William, revealed by boring, of which it constitutes the highest 
member, weve heins deposited. It is here we .require to bear in mind the difference t 
bave insisted on, between the Gangetic group nroper and this older group, for there 
ippear to me to be no audi cogent reasons why we should consider these beds 94 
" Uangetic" deposits involving thereby a depression of several himdred feet, when i( 
seems a simpler solution equally supported by the facts of the case to regard them as estuary 
deposits accumulated during an upward movement of the land. The fragmentary condition 
of the matters brought up by the boring rod prevents any great weight attaching to ike 
mere presence of lacustrine shells and carbonaceous matters at a great depth, as the enormous 
quantity of wood, vegetable trash and lacustrine shells, swept out to sea, from a tropical 
shore and forming in places matted rafts, must be ouite adequate to leaving a lasting recovd 
in the marine strata formed in times past, no less than in those now forming in the Bay. It 
will hardly be contested that at no very remote period the sea bathed the southern slopes of 
the Himalayas and stretched £rom the Bay of Bengal to the Persian Gulf, and to this period 
daring a rise of the land, and long prior to the very existence of the present Gangetic valley 
or drunaffe system, would I refer theae deep-seated beds, one of the highest of which is the 
" kunker ' clay which it has been the custom hitherto to regard as a Gangetic deposit. It 
may be so ; but I have always held it to be marine on grounds quite independent of those 
soggMted by the Fort William bore. 

I do not, however, wish to afi&rm that this kunker day which in lower Bengal I regard 
as grta^ ~ IQAJ ^^^ elsewhere prove to exhibit fluviatile characteristics, since in the npper part 
of the Ganges valley, say above Chunar, beds intimately connected with it, certainly afford 
flariatile indications, ana such variability is to be looked for in a deposit accumulated under 
snch oonditiona as I have surmised ; for supposing an equable elevation to take place over 
the whole area, still the aoonmulation of the coarser beds near the centres of supply of sedi- 
mentary matter, will be more rapid than that of the more remote, and they will consequently 
begin mst to exhibit marks of fluviatile action as the sea or estuary shoals, whilst no sucn 
indications will be afforded by the others deposited in deeper water, and this appears to me a 
Mtoial explanation of the &ct of fluviatile beds occurring in the central and upper portion ot 
the Ganges valley, in intimate connexion with the kunkery clay which itself nowhere e^i- 
bits any similar indications. 

The reason, apart from any other considerations, which has mainly induced me to re^gard 
the old kunker clay, of lower Bengal at least, as a ^^ deposit, is finding it high up on t^e 
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venience of " tipping" the " kunker" clay down to them. The occurrence of the olay ait thtf 

• A. i«M«4»» T »nM BTnrMMMl noudiiiff th» DfobaUe duivaUon of the *'£tf^Mr" txom the deBtmctkm of 
dMrt^t^JSii^^iS^itSiSr^f ^^^^ re«*i^«d corioitfooiiflrmation during my eza. 

SSdMfSSdn?r<SSou> and taoUted fe«tare in the district. Nothing hke «B««rnr" h^.ff .Jjcumdio 
STw ili; SSf to^ toowledge any woke in the diatrict, execpt miocene sands and oUyj, which did not sjAn 
ffilf toTISLBrSe apwaS^IS^ On reachin^f the loeal^howerer, I fojnd not one only, birtthwe 

^IJ^^SS^^XTZrml^^h^ hiU tons of bkck eartiL in vrm re^eot a veritahle Regor, beiiur the deoom- 

Be WM a bedded tap tfh, snboi^lnate to the bede including it, and which happened to form the luitttl of the three 
hilU capped by the '^bM earth" in question. 
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high level far above that attained by the rest of the bed in the neighbourhood can only be 
aocx>anted for bv one of three sappoeitions, either that it is a capping of clay carried up » 
moMie by the hill whilst being protruded up through the alluvial gproup surrounding it, a 
supposition too unsupported by evidence to merit farther examination ; or that it represents 
a remnant of a once continuous bed of like character, which once continuously stietched 
across and occupied to a corresponding height, the country now forming the broad snd low 
lying valley of the Ganges, to which also the like objection applies as to the last ; or lastly it 
may have been originally deposited where we now see it on the hiU side ootemporsneonsly 
wiui the rest of t£e bed, ocoupving the plains, when Patar^hatta hill constituted a rock, 
submerged beneath the waters of tbit sea, which I have previously alluded to as at no dis- 
tant period occupying the plains of Bengal and upper India. 

Much stress should not perhaps be laid on the negative evidence of an entin abaenee of 
fossils in this clay, but had it been formed by annual increments during Gangetic floods, it 
is not easy to understand how in such a homogeneous olay, and one so well adapted to pre- 
serve any mullusoous remains deposited in it, no shells are found, either suck as occur w 
abundantly in river rejectamenta ; or Unianes^ for which it must hare formed in pkcci 
a congenial habitat. 

In the Nerbudda valley a very similar clay occurs though at a higher level above the f«, 

and though shells are not common in it, yet such shells do occur in places, as are usosl^ 

swept down into inundated tracts by river floods at present, as JBulimui jmllue, Gray, Selir 

/iiuaciosa, Fer. <&c., as well as fine specimens of Unionet with valves united as in Ufe, of 

species still living in the district ( U. Indicue^ Sow., and a fine variety of U. cofrulem*. Lea.) 

The above are my grounds for inclining to the belief in the ^^^^^^^ origin of the older sUo- 

vial day, in lower Bengal at least, and I will dose my remarks on it by briefly describing its 
character and appearance. Where best seen, in some steep section on the bank of the Gaog«i, 
it presents the appearance of a stiff homogeneous clay, oi a mottled yellowish or pale btimsh 
hue reddening much by exposure to the atmosphere. It contains a small amount of fine sand, 
the presence of which in the fields and watercourses of the newer group is an unfidHng 
indication of an approach to the boundary of the older. Dispersed through it also are 
numerous small ferruginous concretions like shots, but no foreign tx)dy either in the shape of 
pebbles or organic remains*, have to my knowledge been found in it. In some parts, as in 
the colliery districts about Ranigunj, where older eroups of rocks cut out the alluvial deposits, 
gravelly beds surcharged with pisolitic oxide of iron, varying from a ferruginous gravel 
(in its consolidated shape termed laterite) to a bed sufficiently pure and unmixed to 
constitute a workable ore, occur stratigraphically subordinate to this alluvial clay, buttbej 
are mere local developments, varying in character, and influenced most probamy by the 
nature of the rocks constituting the neighbouring country. With the exception of these 
gravelly, ferruginous and latentic beds, which locally constitute a sort of bottom or 
junction bed of this day, we have no knowledge of what it rests on save the rather meagre 
information to be gathered from the Fort William bore, neither do we know with oertsintj 
its total thicknesst or if any beds superior to it in position luive ever covered it, except, 
should my view of their relations be the correct one, the sandy beds which in Pumesh and 
the adjoining Zillahs seem to overlie, or perhaps in part replace it ; which ignorance axieet 
from the very uniform devation over its entu« area of so thidc and honnQgeneoos a bed, and 
the general absence of artificial sections deep enough to pierce this. 

Disseminated throughout this clay occurs the wdl known kunker or " gooting**, occa- 
flionally in well defined nodules but more commonly in irregular strinji^y courses, and often so 
intimately commingled with the argillaceous portion of the oed, that the clay is dug in bulk 
for the kilns. Where this bed forms the surtaoe of the country the more argiUaceoos portions 
are washed out, leaving the kunker strings, sheets and nodules projecting, or forming on tiie 
. surface a sparse crust of ** gooting" pebbles* and this is more observable in the upper portioo 
of the valley than in lower Bengal, where the clay seems less jiokt in lime uan to the 
north-westward.^ 

• Bovine bones were found In a well near Pataa, ac 60 ftei. T. Oldmam. 

t Its tbielmees cannot be regarded aa under 60 feet 

t Bir C!harlee LyelL ipeaklng of the nnehangred ebaraoter of tbit day (Principles. VoL 1, 4M.) IgOOO mOae mtA 
of GekBtta, doobtleet btendi tEe mortk-w9tt, Ac., abo9t CaleutU followinf the conree of the river. 
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I cannot here enter at length on the relation of either this day with that (the identity 
of which I presnme) of the Jumna yalley, which has yielded the as yet undescribed " Jnmna 
fossils" (mammalian) or witiii the analogous fresh wiU»r deposit of the Nerbudda valley, 
80 rich in mammalian remains, but will content myself with remarking that the differenoe of 
lerel between these two deposits is such, that the deposition of the one in a series of 
morasses fed by a sluggish rirer (which seems to answer the indications of the Nerbudda 
day), might have gome on simultaneoush^ with the accumulation in a shallow sea of the 
other of which the Kewah plateau in part formed the sontham shoore. 

Having dwelt at some lengHbh on the* older alluvium of Bengal, I will now pass to the 
newer deposits, or Gangetac alluvium properly so called, which will require a much briefer 
notice than the last The newer or Ganffetic alluvium comprises a very varied series of beds, 
direetly precipitated from the waters of the (Ganges, or its trjuutaries. It is at once an extensive 
and important group debited within the trougn excavated by the Qanges in the older day, 
or filling up such low lying tracts as receive the flood waters of the Ganges during its annual 
inundations. It comprises some of the most fertile land in Bengal as in Tirhoot, which is 
t^led the " garden of India" where it is largely devdoped, as ako in Fomeah, Bijshaie, 
Maldah, and m all the Zillahs which intervene Detween them and the sea. Its mineral 
cbsracter is very varied from a dark silty brown to a dazzling white sand, and in the sections 
of the denosit exposed in the banks of uie larger rivers we see nothing like the homogeneity 
of the older clay, but a succession of beds of different thickness and various compoeitioBv 
M is the normal condition of an unmixed fluviatile deposit. 

It loses something perhaps of its charaoteristio asjpect, within the tideway where the 
presence of tidal waters, and tidal mud, makes itself felt, but with the exception of Uie bdt 
of country within the limits of the present tideway, it is essentially a typical river<lepodit. 
About Calcutta however, though its aspect is somewhat altered by the influence of the tides, 

it must still be ranked as a j^^^^^^^j^^^ deposit, as it contains several beds of peat clearly a marsh 

accumulation and sufiBcient to st»mp its character and ori^. I am aware that at Calcutta, 
and doubtless elsewhere within the tidal zone, oyster shells have been found and other relics 
pointing to marine conditions, as soondrie wood in site of growth^ a tree which only flourishes 
on land overflowed by the sea, but we must presume that this deposit during the whole 
period of its growth, of over 60 feet at Calcutta must have been everv^ where traversed by 
oeep tidal creeks on the banks of which the soondrie tree flourishe d and in ^hose quiet depths 
oysters and oilier marine organisms lived, and the bore at Fort William leaves small doubt 
that since the epoch when the underlying older clay had been sufliciently elevated to form a 
tract capable of supporting vegetation, a contrary movement of depression has been going 
on at a rate which permits the accession of Graneetic sediment at top adequately to counter- 
balance the aabsidence simultaneously going on below. 

Let us now compare with the alluvial groups in the Ganges valley as sketched above, the 
similtf deposits which occur in the valley of the Irawadi, prefacing the subject with a few 
remarks on the physical character of the country which presents some features peculiar to it, 
resulting from the geological structure of the delta. 

The delta of the Irawadi is embraced between the Myit-ma-kha Choung, on the east, 
which, under the name of the Bangoon river, fiJls into the sea below that town ; and the 
Bassein river on the west, which is given off as a small stream from the main river near the 
rillage of Thambyadeing, and enters the sea near Ne^praia Island ; Elephant and Poorian 
Poinu whieh respectively mark the entrances of these nvera being 137 mUes apart as the 
crow flies. The Mssein river Ibrms naturally the most westerly aim of the Iraw^, though 
St its origin its size is inconsiderable ; bat the Myit-ma-kha Choung rises near the town of 
Pnmie, and runnins parallel with that straam first receives the surplus waters of the Irawadi, 
when flooded by diannels which anastomose with it, opposite and below the village of 
Pouktein, 45 miles above the ori^ of the Bassein river; Menghee, situated between 
these two points, may therelbre be fiurly taken in our calculations as the head or apex of the 
Iiawadi delta ; on which supposition, as the distanee from Menghee and Elephant and Poorian 
Points is respectively 129 and 176 miles, the area of the entire delta is about 12,000 square 
miles. By an independent ealeulation, I estimate the area of alluvial defKMits within the 
deha at 11,000 square miles, aa some groups older than alluvial occur within the delta, but 
&o exact calculation can be made from the want of any, save an arbitrary boundary, of them 
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to tlie eastward, where they creep round along tUe Gulf of Martaban, aad blend with the 
depoaita of the Sittang valley. Proportioned thus regularly as the Irawadi delta ii, v 
regards contour, with its three sides respectively 129, 137, and 176 miles long, it may not 
at once seem obvious how Mr. W. Blanford, in speaking of it, called it " a less perfect delta" 
than that of the Ganges, I shall, however, endeavour to show wherein it differs essentisUj 
from Buch delta of the Ganges, not in form, but in respect to its composition and history. 

The most striking featnxe connected with it, is not its mere flataiess, which is natoially 
to be looked for in such an area, but its extremely low level. No definite assertion csjl of 
course be made, but I think I am well within the mark when I say that 2,000 souare mile* 
of tiiis tract must be below the level of a high spring tide and fully as much more not 
raised more than a foot or so higher. Passing through any of the creeks when a spring 
tide is at its height, the water is seen pouring inland up every channel and watercourse, and 
diffusing itself over both fields and uncultivated ground, and the conviction produced is, that 
a permanent submergence of a considerable tract within the delta would be the result of the 
watw being maintained at the full height of the springs for any considerable period; as it 
is, however, in the course of an hour or so, the tide faUs and the flooded land relieves itself 
through the usual channels. This extremely fiat character of the country may be surmised 
from a mere inspection of the mao, from the numerous lakes or " Engs" as they are called. 
scattered all over lower Pegu, and from the anastomosing and often tortuous character of 
even the largest river channels. 

For instance, a little below the important town of Nyoung-don the Irawadi divides inio 
two nearly equal branches, each possessing the dimensions of a first class river, one branch 
flowing south and discharging itself by Uie Dalla mouth, whilst the niore westerly brasch 
enters the sea by the Irawadi mouth. Twenty-five miles as the crow flies below tiie point 
of bifurcation of the two streams, is the small village of Tan-ta-lop Kyoung, to which I shall 
hereafter refer, but foUowing the bank of the former branch or DalU river on which it is 
situated, the distance is raised to 46 miles or nearly double. Prom the same point of bifurca- 
tion, at the same distance as the crow flies of 26 ndles, on the other branch or Irawadi river 
is the important town of Shuay-lonng ; the distance to which, following the river bank, is 
42 miles nearly. 

Still more tortuous is the Daga river in some parts, which constitutes the most westerij 
channel of the Irawadi within the delta, and which, though a far murrower river than eithff 
of those above mentioned, maintains a deep and permanent channel From the village d 
Shekhabyeng to the point of discharge of the Daga lake, is, as the crow flies, 18 miles, but 
measured along the river bank the distance actually exceeds 66 miles, which will ^ve a 
notion of the extremely level character of the country it traverses — ^which character is not 
confined to the delta merely, but marks more or less all lower Pegu, save in the vicinity of 
the hills. 

Such being the surface, character, and conditaons of the delta we might not unreasonablj 
be led to expect within it a great development of the newer or Irawadi alluvium, but so fiur 
from this being the case, the country is almost entirely composed of the older group to the 
almost total supersession of the newer. This will be most forcibly realised from the state- 
ment that the entire area (excluding the actual river channel) occupied by the newer or 
Irawadi alluvium in the valley, amounts to but 200 square mileff, of which 60 miles is msde 
up of scattered patches adjoining the river, all lying above the bifurcation of the Dalla and 
(Pantanau) Irawadi rivers, whilst the ramaining 140 square miles oonstitate an isolated tract 
or oasis of recent deposits, below Pantanau, which seem to oocsupy an original trou^ or 
depression in the sur&ce of the older group. From this it will be appsrent, that with great 
similarity of surface conditions between the deltas of the Ganges and Irawadi, ^lest dissimi- 
laritv exists touching their geological constitution, the newer group of alluvial deposits io 
largely developed in the former being, so to speak, absent in the latter. The cause of this, 
briefly stated, is the fact that the delta of the Irawadi at this present time is in precisely the 
condition of the delta of the Ganges at the time when the first layers of Gangetic aUuvinm, 
70 feet below the present surface at Cahntta, were being deposited, and when through the 
single or joint action of deposition and elevation, the older marine group had beoome suffi- 
ciently raised to admit the deposition of beds stamped with a fluviatile and terresbial.characiarr 
and even the aooumuhition of such matters as peat» to penmt i£ which .the newly raised land 
must have been at least as high above the sea, as the better nosed, portions of the Inwadi 
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delta; since then a steady downward movement of the Gan^tic delta has permitted the 
enonnong accumulations of newer or Gan^etic alluvium which covers so large an area in 
Bengal, whilst the future can alone disclose if any similar movement of depression will ever 
permit a corresponding accumulation of Irawadi alluvium in ihe delta in Pegn. That no 
rach movement has taken place hitherto is dear from the absence of the newer deposits 
which would have originated in consequence of it, and moreover the proofs of a general 
elevation are, as I shaU show, sufficiently clear and undeniable. 

Let us now consider how far the surface conditions which obtain in lower Pegu 
correspond with th^ supposition above advocated, of a somewhat recent elevation of the countiy 
from the sea (including, in the term elevation, the accessorv agent of silting up), which, be 
the area riaine or sinking, is always going on in so shallow and protected an estuary as 
the head of uie Gulf of Martaban. The appearance of the bed of such an estuary as 
that in question, would, on its first elevation aoove the sea, be that of a dead level regarded 
as a whole— merely ^urowed here and there by such channels as the drainage action of the 
retreating waters would inevitably carve out in a plain of soft easily-removable matter. An 
exception to this dead level character might here and there exist either in the shape of banks 
of sand or other accumulations produced bv currents ; or depressions in the generd surface 
produced either by the locally increased set of currents preventing the deposition of sediment 
or their abeenoe altogether checking the delivery over particular localibee of even the finer 
sedimentary particles. If we endeavour to follow the history^ of these suppositious de- 
pressions subsequent to their permanent elevation, and conversion into dry land, we shall 
thereby obtain a clue to the origin of the most prominent features at present of the Irawadi 
delta, viz,^ the nresence throughout it of innumerable small " engs" or lakes, the occurrence 
of some of different character, such as the Daga lake, and &e existence of the carious 
isolated tract of newer alluvium, Iving south of Pantanau. It is clear that in such a case 
as that supposed above, one of tnree results must happen to any depressions which the 
newly elevated surface may present. If the depressions are of small extent and of a shallow 
character, thev will be converted into small lakes or " engs" in the rainy season, and be 
more or less oried up and converted into grassy plains, such as are commonly seen in Pegu, 
with a swampy navel perhaps in the centre, during the dry season. K the depression is of 
Ui^r dimensions, or receives a larger supply of water than evaporation can aispoee of, it 
drains itself naturally into the nearest or most accessible dminage channel in the country^ 
and this appears to be the case of the Daga lake. 

Should again the depression be extensive, and, as its existence might be held to render 
prohable, it should be intersected or connected with one of the main drainage channels cl£ 
the country, it will in such a case be silted up by repeated accessions of flood waters charged 
with sediment, and this app^irs to be the origin and history of the oasis-like tract of newer 
aUiivium near Pantanau, which has all the a^>ect of being an extensive trough-like depression 
in the original surface of the land, lying ^ in the course of two of the largest branches of 
the Irawam, and in consequence speedily silted up to the level of the surrounding country 
by its waters. 

l%e difference between this case and the last is one it may be said of degree, but 
iQ aboriginal difference <tf level, though merely one of degree, produces exactly opposite 
results. A moderate depression, such as the Daga lake (even cateru parimu and in 
this case the sround surrounding it is the higher), would, during the floods, as a rule, 
disdiaige into the nearest river, whilst a greater depression, like the Pantanau trough, would, 
dnring floods, never discham into the river, but always itself be the recipient (tUl silted 
np) of the waters of the floo£d stream. 

The Da^ lake may be now brie^ noticed as it forms a coiioiis £Mtai« in the district 
I am deBcribing. The Daga lake is an annular piece of water situated on the west bank 
of the Daga river, 25 miles north-west from Pantanau. Its shape is irregularly oval, 3} milea 
long, and varying from half a mile to a mile in width. It discharges its surplus watexs into 
the Daga river by a short channel of about } of a mile in length, but from always remaining 
fnll is probably as deep as the channel of the Daga river itself. It is economically valuab£ 
u a nsh preserve, and an account of the annual drawing of the lake is given by the 
late M. O'Bile^ in ihe Journal of the Asiatic Society, Bengal. H. O'Riley speculates on 
the mode in wkoh it has been formed, but as he refers it to some vague intestine movement 
of the neighbouring strata, I am unable to agree with his conclusions. Did such a piece of 
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water ooear in proximity to a laive river ohaanel in lower Bengal, it would at once, and 
probably oorrectly, be referred to a merted bend or knuckle of tlie river, and rach was mj 
impression in the present case before examining the ground. I anticipated finding a coo- 
siderable area of newer deposit of river silt marking the former extension of the Daga river, 
but nothing of the sort exists, the permanent banks of the river displaying the ordinur section 
of older clay, and the island occupying the centre of the lake bemg formed of the older cI&t 
likewise. No other conclusion theremre remains but to regard it as an annular depression nmn 
originaUv existed on the sur&ce of the older alluvium on its first elevation from the sea, 
deepened, enlarged, and wrought to its present shape by atmospheric agency. Besides atmos- 
pheric agency, which seems scarcely equal of itself to produce such a piece of water (dse would 
they be more common), even when uded by the original contour of the ground, I sbouM 
suspect some peculiarity in the soil constituting the bed of the lake. The older claj of 
the delta is, it is true, remarkably homop^eneous as a whole, but this is not inoonflistent 
with the occurrence in it of thin bands of a different composition. An instance in point occoi^ 
to me in the Pumeah district of Bengal, where a thin band-like portion of the older cUy 
usually so tenacious assumes almost the character of a quicksand by mixture with water, 
forming a sludgy compound, easily removable by the action of either sprines or a stre&m. 
Some such band may very possibly occur in t^e older clay of Pegu, and if it occarred at 
about the mean height of the water on the Daga river, or lower, it would go fiir to explain. 
by the fiusility with which it would pulp down and flow away, the annular shape of the lake, 
which of course, however obscure the cause, is not purely fortuitous. In this view the 
original depression of the ^und may have been trintng, sufficient perhaps only to gire 
diiection to the sconring action subsequently set up.* 

A noteworthy point connected with the physical character of the delta of the Irawadi 
is the more persistent character of the river channels in it. Towards the upper part of the 
delta and above its proper limits, the Irawadi channel is never more than five miles broad 
between its permanent banies as they may be termed, that is the opposite margins of thai 
tronffh scooped by the river in the older alluvium, and of which a considerable portion i§ 
usniuly refilled witii river deposits. Within the delta proper towards its mouth, the present 
river channels are more permanent, and evince little tendency to deviate firom their esw)lish- 
ed channel. Even sneh nvers as the Daga, which wind in the most circuitous fashion in 
A level country, exhibit no sneh tendency, affording in this respect a striking contrast to 
tJie habit of rivers in the Ckkngetic delta. The Kosi tor example oscillates from east to west 
(its present direction) over an area of probably not less than 30 miles, and a town whicb 
stooa on the west bank of its mun channel at the period of my visiting it first, stood on 
its east bank the following year, through the re-opening and scouring out of a dinnsed 
channel in its westerly course. The station of Ramnore BcMiuleah is in like manner sufferiog 
from the encroachment of the river, and so long back as 1866, steamers anchored where 
houses once stood. Nothing too is a commoner process in the Gangetic delta than the 
obliteration of a river channel, and its conversion into a fertile plain, a change not nnf^^ 
quently effected in the course of a few years. Now, save witibin the narrowest limits, 
nothing of this sort takes place in the Irawadi delta, and this is I think attributable to the 
different constitution of its delta, and the absence of any extended development of the 
newer group, within which the incessant changes in the Gangetic rivers take place, or in 
other words owing to the greater and more equable resistance to erosion of an homogeneous 
clav like the older deposit, than what is afforded by banks composed of newer silty deposits, 
ana such fluviatile accumulations. Local peculiarities may in some spots cause a wasting of 
the older day, as at the important town of Nioungdon, where a great extent of sand flats 
and shallows have resulted from the excessive denudation suffered by the, older day, giving 
rise to a sprawling channel very different from the deep permanent channel usually seen in 
the delta, but the oause is obviously a local one, the clay here resting on an incoherent pebblj 
■and, M^ich mdta away and allows the overiying bed to topple into the river, and the process 
which is rather exceptional in Pegu in the older group produces the same result as in Bengal, 
where it is an universal operation in the newer. 



* Mr. <yBU«r himself nbMiiiMiitly to die IpabUostioo of the paper reflened to, ohaoffod hit view of the for- 
aistion of this '* Uke" ; snd heUered, as eertainljKppesra the much more rational and simple mode of aeoottntinir 
for its formation, that it is simply an nnlUlea-in bend, or as Mr. Theobald says ** knnoUe" of the river. ETery* 
thins seems to be in harmony with this view, and Dr. Day, in his reoent Fishery caqairicB ia Bnnnsh, was sIm 
satisfied that this was the true ezplaaatlon of the &cts. T. Oldmkk, 
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It maj perhaps seem strange, that, with so eminently level and low Irine a tract of 
ooontiy as I nave described above, over which flood waters are repeatedly efiused, no consi- 
derable deposit of river sediment has taken place. The objection is to some extent plausible, 
bat I shall now hazard a few considerations which greatly diminish its force. In the first 
place I would beg attention to the fact previously stated by me, which lies at the root of the 
entire question, and that is, that the Irawadi aelta is at this present time in the precise 
condition which the Gangetic delta presented, when, in the latitude of Calcutta, the older 
allnWmn, now about 66 or 70 fiMt below the surface and considerably therefore below the 
aea level, watf nearly the height of the present surface and banning to receive those ac- 
cretions of fluviatJIe and lacustrine deposits which now constitute the 70 feet of newer 
deposits whereon Calcutta stands, as before shown. This is precisely the condition of the 
Irawadi delta, and a downward movement, with a correspondmg development of fluviatile 
beds, ia all that is required to create a strict parallelism between the two deltas. For cor- 
ntpondinff development I might perhaps rather say contequent development, as the deposi- 
tion of any thickness of these fluviatile beds is proportionate to the suosidence of the area 
ooeapiedby them, hence their absence in any force, over any elevated area occupied by the 
older grou|^. At the same time I do not wish to be understood as denying that the flood 
watem which cross the country leave no deposit, but only as insisting on the superficial 
and I may si^ insignificant development of this group in Pegu, firom the reasons above given. 
When the entire country is composed of the older clay a thickness here and there of a 
few feet acattcNred over the surface and that after a very sparine &shion, scaicely deserves com- 
parieon with the extensive and thick deposits of Gangetic alluvium. In the river banks a 
couple of feet at most, and this I consider an over estimate, of surface soil is seen, the 
entire bank being composed of the old homogeneous clay. Farther removed from the 
main channel the deposition of rivfer silt is even more trifling on two accounts; firstly 
from the more copious deposit of silt on the river bank, through the diminished velocity 

^ ^^ oTcrSilSig ^'A^n' *nd secondly from a eause not usually sufficiently borne in mind. It 
may seem paradoxical, but the low level and small inclination of the ground is a serious 
obstacle to its becoming silted as I shall show. When a cross oountiy " spill" takes pbce 
and flood waters chained with sediment traverse a low country, deposition of course takes 
place, as when the floods of the S6n abandoning their proper channel pour irregularly across 
the plains of Behar, and in place of flailing into the Ganges above Patna, effect an irreguhur 
discharge for themselv^ below it. Verv different, however, is the case of a river running 
throngh ao flat a country as the Irawadi delta, and possessing a rain-fall such as Pegu does. 

The first showers of rain fill the numerous " engs" or depressions scattered over the 

eonntiy, and these gradually enlarging, submerge the country before the turbid floods of the 

river have risen to a similar height. In default of any effective drainage, the ground 

adjoining the rivers being higher than the flooded interior, the ordinary rain-fidi of the 

district IS usually adeouate to produce this effect, but the low land skirting the hills, receives 

in addition considerable, though irregular supplies through streams which pouring out from 

the hills difluse themselves over the countiy, and lose themselves in the plains. A vast 

quantity of sand ia awept down and forms a sort of encroaching talus marginm^^ the plains, 

but the somewhat depurated water mixed with the pure rain water of the plains, together 

forms a body of water very limpid and free from sediment, though eventually often tinged with 

brown from decaying vegetable matter. Tlie turbid waters of the Irawadi now rising, top their 

banks, but their course is soon arrested by the limpid water of the plains and may often be 

traced holding on their course without mingling with the other by the contrast in colour 

the two bodies of water present, and this oalance of power of course tends powerftilly to 

ndace the deposition of silt to a minimum over these mundated plains and restrict it to the 

immediate neighbourhood of the larger streams. 

In appearance the older clay of the Irawadi valley much resembles the older day of 
Bengal, but it differs from it in being very deficient in lime, and rarely contammg, and tnen 
bat sparin^y, these calcareous oonoretions or kunkur which give a distinctive character to the 
deposit in Mngal. It is a very homogeneous deposit throughout, but a thin dark band in it 
shows that it dips seaward, or to the south, at a greater angle than the surface of the land* 
which provee that the process of elevation has been greater inluid than towards the gulf 
of Martaban. This is quite in accordance with evidence of an increased elevatory move- 
ment as we proceed up the coast, northward. Towards Cape Negrais no prominent aigns 
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of elev&tion present tbemselvefl, but as we approacL Gwa we find eradualljr pTOo& of a some- 
what recent rise of the coast, in the shape of coral banks raised above the present limits 
of its growth and in the presence, a few feet below the surface in the plains now removed 
from the shore, of shellv sand and shells of species living on the coast. Above Myanoong this 
dark band is cognizable high above the diy season level of the river, but within the tideway 
it occurs about midwater mark or lower, and is in many places dug out for pottery, being 
highly plastic and adapted for such purposes. 

Towards the top of the tideway the older alluvium or yellowish day rests on a pebbly 
sand, which is visible at Nioungdon, where it is rather better expoaed ^^**'* usual. Tkb 
sandy bed is doubtless the homolc^ue of those extensive beds of gravel which towards tlw 
frontier, underlie the older clay. Opposite the village of Monyo, near Nioungwaing, eoM 
washings are carried on in the bed of the river on a shingly bank which belongs to tnese 
coarse gravels, and these gravels are probably the source of the gold which in many spots 
is occasionally washed for in the Irawadi, though the returns are too poor to attract con- 
tinuous labor. This older clay is not confined to the valley of the Irawadi, but occurs like- 
wise in that of the Sittang — and, which is rather difficult to account for on any other 
hjrpothesis than that which I have adopted, of its estuary origin, in the upper parts of the 
river valleys on the side of the Arakan Coast. In some of these valleys it is seen deeply 
cut through by the river channels, and very often appearing little more tiian a remnant of 
a once extended deposit. In such positions it is often masked and covered over by an enor- 
mous accumulation of rocky detritus swept down over it by rains from the adjoining precipi- 
tous hills. This is not a situation fiivorable to the accumulation of a homogeneous day, 
through long-continued fluviatile action, but rather points to a period when its eq^aable 
Effusion took place within the sea. The coarse gravels which underlie the clay towards the 
upper portion of the delta and towards the frontier are clearly of marine origin, as no other 
agency ia adequate to formations of such coarse shingle as that in question. Oj^poeite Pnune 
this gravel rises to upwards of 60 feet abovB the flood- level of the Irawadi and is fully 30 (sd 
thick reposdng on miocene strata. The older clay is not seen here being apparently denuded, 
but at jliaieknio the relation of the l^o beds la well seen. In the neighbourhood of Iluuet- 
mio, this gravel contains numerous well worn and rounded pieces of fossil wood, six inches 
in length and occasionally loffs two feet and upwards in length. These logs have, of course, 
not travelled far, and are derived from the mioeene aan£ containing siUcified wood in the 
neighbomrhood. Their presence, however* with other hard rocks« in wejll-rounded lun^ ^ 
clearly indicative of their origin in situ as a marine shingle bank. Equally oonolosi^e is the 
thick deposit of coarse shingle comprising, well-rounded boulders, many of six and nine inches 
in length of the hardest schists, exnosed in the river bank under the old Fort of Miade 
above Thoietmio on the opposite bank, and I can draw no other conclusion from these 
deposits, than that, anterior to the deposition of the older clay, they formed shingle banis 
in a shallow sea or estuary in which their hard silicious ingredients were rolled about and 
polished down as we find them in the gravel. Having in a previous notice described the beds 
whence the fossil wood has been derived I need not here allude to them, but I think I ma; 
confidently assume that marine and not atmospheric agency was the force enoiployed in the 
removal (m part at least) of these fossil- wood beds, and in reducing the silicined trunks so 
abundantly contained in them into the innumerable smoothed blocks, boulders and pebbles of 
fossil wooa so characterLitic of the Irawadi gravels. 

I will conclude my remarks on the Irawadi alluvium by pointing out the effect to mftn, 
•ad the extent to which his industry is affected by what might seem merely a trivial or 
theoretieal difference between the delta of the Irawadi and Ganges. I have already shm 
that within the Irawadi delta, but 200 square miles occur of the newer or Irawadi alluvium 
proper, but without affecting to estimate the area occupied by the corresponding Gan^^ 
alluvium it may be taken as far more than two hundred times that amount Kow, it u on 

this newer alluvium that the finest indigo is grown, and indigo and ^|^^ may be aud 

to be the two main staples of the zillahs in Bengal occupied fay ihe newer deposits* ^^^ 
only this, but the newer aUuviom will produce any crop required of it, either rios, sQg^* 
<^um, oil seeds, &c., and hence from the occurrence of these newer deposits over so Is^ 
an area in Bengid, that province has aoquiied the name for fertility it possesses. In ,^* 
Irawadi valley, in place of this fertile deposit, we have the older alluvial clay, wbich> 
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though where it formfl an nndalaiing oountiy, or hejond the limits of the delta, and on the 
upper part al&e of Pegn or Bensal, is capable of producing valuable crops of various descrip* 
Horn, yet where it occupies such low land as ihe delta, is fit to sustain nothing so well as rice 
oops ; and hence the inability of the delta of the Irawadi to compare in ridmess with that 
of the Ganges, or to fiimish in like abundance the various products, which a seemingly trivial 
difference in geological composition enables her more £iv(»red siater the Qangea to prodaee. 

Bangoofh ISik June 1860. 
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FbOK IST OCTOBBB TO 3l8T DSCBXBBB 1869. 

TUUtqf Bo<A8. Donors. 

Bailt, W. H. — Figures of Characteristic British Fossils, with descriptive remarks. Part 

II. 8vo., London, 1869. 

Bbfbdbn, Van aitd Gbbyais, PAiTL.--OBt6ographie des G^tae^ vivants et fossiles. Part 

y, 4to., Paris, 1869. 

BujHViLiiBy H. M. DucBOTAT DB. — Ost^ognphie ou description Iconographique compart du 

squelette et du systeme dentaire dee Mammiferes recents etfomiles, 
>ur servir de base a la zooLogie et a la g^logie. XXYI Liv., 4to., 
1864 

Binx, W. H. J.^On the Origin of Langnage, 8va,New York, 1869. 

Bbovn's, Db. H. G.— Kkssen nnd Ordnungen des Thiei^Beichea, Vol YI, Abthei). IV, 

Lie£ 2^ 8vo., Leipzig, 1869. 

BsowN, Captain T. — Illustrations of the Fossil Conchology of Great Britain and Ireland, 

with descriptioqs and localities of all the species, 4to., LondoUi 1849. 

CoTiBAU BT TBiGBB.^Echinides du d^partement de la Sarthe consid^r^ au point de vue 

zoologique et straographique, 8vo., Paris, 1855^1869. 

DnoB, S., BT LoBiOL, P. DB. — Echinologie Helvetique. Descriptions des Oursins fossiles de 

la Suisse, Liv. 2, 3, 4to., Pans, 1869. 

Dbubt, Col. H.— Hand-Book of the Indian Flora, YoL III, 8vo., London, 1869. 

GOTBBVXBNT OF MaDBAS. 

Hbllbb, Pbof. Cax.— Die Zoophjtm und Echinodermen des Adriatischen Meeres. (Pub> 

lished by K!. E. ZooL-botan. Gesells. in Wien), 8vo., Wien, 1868. 

LiNDXKSCHXiT, Db. L. — Die AltherthUmer unserer heidnischen Yorzeit Band. II, Heft, 11. 

(Published by '' Romisch-Germanisches Central Museum in Mainz"), 
4to., 1869. 

Uadsbk, a. P.-**Antiqiiites Pr^historiques du Danemark, dessin^s et grav^, 4to., Copen- 

hague, 1869. 

MiBcou, J. — ^Notice sur les cartes j^logiques de Yiotoria (Australie) et des lies Britan- 

niques, 8vo., Paris, 1868. Thb Authob. 

Geology of North America, 4to., Ziirich» 1858. Thb Authob. 

Letties sur lee Roches dn Jura et leur distribution g^graphique dans les deux 
hemispheres, Parts 1, 2, 3, 8vo., Paris, 1857-60. Thb Authob. 

Reply to the Criticisms of J. D. Dana, 8vo., Ziirich, 1859. Thb Authob. 

Mbkob, a. — Ueber Einen Scorpion und Zwei Spinnen im Bernstein. Pamphlet, 8vo., 1869. 

Muhlbbbo, F.— Ueber die enatischen Bildungen im Aargau und in denbenachbarten Theilen 

der angrenzenden Kantone, 8vo., Aarau, 1869. 

Kulbbich, Db. A. — Die Yegetationsverhsaltmsse von Croatien. (PubBshed by K. K ZooL* 

botan. Gesells. in Wein), 8vo., Wien, 1868. 
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TiOes of Books, Donors, 

OosTBB, W. A., UKD O08TBB, C. voir FxscHBS.— ProtoKoe Helvetioa, Mitiheiliingea ans don 

Bemer Museum der NaturgeMhiohte uber merkwCnrdige Thie1^-lUld 
PfluiaenTeste der echweiMrisohen Yorwelt, YoL I, Abiheil 2, (kUius), 
410., Bern, 1860. 

Pfbifvbb, Dr. L.^Mftlftkozoolofp8che Blatter, Vol. I to XV, 1864 to 1868» 8ro., Casael. 

PiCTBT, F. J. — ^Mat^ri&ux pour la pal^ntologie suisse, ou reeuffll de mdnognnhiet tor ks 

foBsiles du Jura et des Alpes, 4th Serie, Part 8, 4to., dtonere, 1869. 

QuABiTCH, Bbbnabd. — ^A General Catalogue of Books, Sto., London, 1868. 

Bbinwald, P. C. — Catalogue annuel dela Librairie Fran9UBe, onzieme ann^ 1868, 8ro., 

Paris. 

ScHLiCHT, E. TOK.— Die Foraminiferen des Septarienthones von Pietspuhl, 4to., Berlin, 

1870. 

Tboschbl, T>&, F. H. — Das Gebisa der Schnecken zur Begrnndung einer natariiohen dsnifi- 

cation, Band II, Lief 3, 4to., Berlin, 1869. 

TuBTOK, Db. W.-— Gonchylia Insularum Britannieamm. The shells of the British Islands 

systematioally arranged, 4to., Exeter, 1823. 

Wbihkauvv, H. C. — Die Oonchylien des Mittelmeeres, ihre geographisohe nnd geologische 

Yerbreitung, Band II, 8vo., Oassel, 1868. 

Pbbiodzcals. 

American Journal of Conchology, 1860-70, YoL Y, Part 1, 8to., Philadelphia, 1869. 

„ „ of Science and Arts, 2nd Series, Yol. XLYIII, No. 142, 8vo., New Haven, 

1869. 

Annals and Magarine of Natural History, 4th Series, Yol. lY, Nos. 21, 22, 23, 8vo., London, 

1869. 

Annals des Mines, 6th Series, Tom. XY, Liv. 2, 8, Tom. XYI, Lit. 4, 8vo., Paris, 1869. 

L'AbMIKIBTBATION BBS MurBs. 

Bibliotheca Indica : a Collection of Oriental Works, New Series, No. 162, 4to., Calcatta, 

1869. 

GOTBBNKBNT OF INPU- 

Geological Magazine, Yol. YI, Nos. 9, 10, 11, 8yo., London, 1869. 

Engineers' Journal, India, (New Series), Yol. XII, Nos. 20, 21, 22, 23, 24, 4to., CalcatU, 

1869. 

Indian Economist : a monthly Journal devoted to Economic and Statistical Inquiries con- 
cerning ^dia. Yol. I, Nos. 1, 2, 3, 4, Folio, Calcutta, 1869. 

QOYBBNXBKT OF IVPU. 

Journal de Conchyliologie, 3rd Series, Tom IX, No. 4, 8to., Paris, 1869. 

Memoirs of the Geolo^cal Survey of India, Yol. YH, Pttrt 1, Bvo., Calcutta. 1869. 

Gbolooical Subvbt of Iin>u. 

Lbokhabd, G., UKD Gbikitz, H. B. — ^Neues JahrbuchfUr Mineralogie, Geologic und Pafaeon- 

tologie. Jahrgang 1869, YI, 8vo., Stuttgart, 1869. 

Pfeiffbb, Db. L.— Novitates Conchologicae, I Abtheil, 35 Lief., 4to., Cassel, 1869. 

DuvBiSB, Db. W.— Novitates Conchologicae, 11 Abtheil, 15 Lief., 4to., Cassel, 1869. 

B5MBB Db. E.— Novitates Concholo^cae, Suppl. Ill, 18-19 Lief, 4to, Cassel, 1869. 

Ltschkb, Db. C. E. — ^Novitates Conchologicae, Abbildung und Beschreibung neuer Concbylieo, 

Suppl. lY, Lief; 1 to 8, 4to., Cassel, 1869. 

Palawntographica, XYI, 7, XYII, 3, XIX, 1, 4to., Cassel, 1869. 
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Tiiles if JBookt. Donort. 

PaI6ontologie Pran^aise, on description des animaux invert^lnres FoeuleB de la Franoe, Terrain 

Jurassique, Liy. 13, Echinodermefi, 1867, LiT. 16, Grast^podes, 
Tome III, 1869, Liv. 17, ^chinodermes 1869, lav. 18, £chinodenneB 



1869, Liv. 19, Zoophytes, 1869, 8vo., Paris. 



Pbtsbmakh, Db. A.*-6eoffraphische Mittheilongen, 1869, Part VII, VIII, IX, 4to., Gotha, 

Profeseional Papers on Indian Engineering, Vol. YI, No. 26, 8vo., Booxkee, 1869. 

QoArterly Joamal of Microscopical Science, New Series, Na XXXVI, 8vo., London, 1869. 

Quftrterly Jonmal of Science, No. XXIV, 8vo., London, 1869. 

Stotbtical Beporter : a monthly Joamal of Statistical Enquiries concerning India, Vol. I, 

Nos. 1, 2, 8, 4, Folio, Ckdcutta, 1869. 

GoTBBNXBirr OF Inpia. 

Reoords of the Geological Snrvey of India, Vol. II, Part 4, 8vo., Calcutta, 1869. 

Gbologzcal Subyxt or Ikdul. 

Re?ae Universelle dee Mines, de la Metallurgie, &c., Tomes XXV et XXVI, Livraisons 

3me et 4me, 8vo., laege, 1869. 

GoYBBKHBNT SxLBCTioHS, &c.,— (From the Governments.) 

Bsi^OAL.— Report on the Bevenue Survey operations of the Lower Ptovinces from Ist Octo- 
ber 1867 to 80th September 1868. Majob Macdonald. 

„ Beport on the Jails of the Lower Provinces of the^ Bengal Presidency for 1868, 
Vol. I. Appendices to the Beport on the administration of the Jails of the 
Lower Provinces, Bengal, for 1868, VoL II —by Dr. F. J. Mouat, Boy. 8vo., 
Calcutta 1869. Gott. ob Bbboal. 

„ Fiftix Annual Beport of the Sanitary Commissioner with the Government of India, 
1868. With appendices containing Betums of Sickness and Mortality amonf 
the British ana Native Troops ; and also among the Prisoners in the Ben^ 
Presidency for that year. Fouo, Calcutta, 1869. (jOTT. of Bbkoal. 

BoHBAT. — Selections from the Becords of the Government of Bombay, No. 114, New Series, 
wiili a map in separate case. Boy. 8vo. Bombay, 1869. Govt, of Bombay. 

BimsH BuBMAH. — ^Annual Gaol Beport of British Burmah for 1868. Extract from Pro- 
ceedings of Home Department, 8vo. Baxigoon, 1869. 

Chibf Commb., Bbituh Bvbxah. 

„ n Beport on Trade and Customs for 1868*69. (financial Department) 8vo. 

Bangoon, 1869. Chibf Commissionbb. 

Htdbbabaj). — ^Beport on the Administration of the Hyderabad Assigned Districts, for the 

year 1868-69> 8va Hyderabad. Thb Bbsidbnt. 

iKDiA.'^Beport of the Government Astronomer upon the Proceedings of the Observatoxy, in 
connexion with the total eclipse of the sun on August 18th, 1868, as observed at 
Masulipatam, Vunpurthy, Madras, and other stations in Southern India. 8vo. 
1869. Govt, of India. 

n Catalogue of Maps, 2nd Edition, published at the Surveyor General's Office. Folio. 
Calcutta, 1809. Subvbtob Gbnl. of India. 

MiDBAS.— Annual Beport on the Administration of the Madras Presidency during the year 
1868-69, 8vo. Madras, 1869. Govt, of Madbas. 

Mtboxb. — ^Beport on the Administration of Mysore for the year 1868-69, Boy. 8vo. Mysore. 

Chibf Commb., MUsobb. 

„ Beport on the Administration of Coorg for Uie year 1868-69, 8va, Bangalore. 

Chibf Commb., Mysobx. 

„ Beport on Public Instruction n Coorg for the year 1868-69, 8vo., Bangalore. 

Chibf Commb., Mtsobb. 
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TiiU» of Books, Donon. 

N. W. Pbotivcbs.— Selections from the Records of QoTernmeTit, North-Westem ProTinces. 

Second Seriee, Vol. II, No. 3, 8to., Allahabad, 1869. 

Govt, op N. W. Pbotdtcis. 

„ Selections from the Becords of Goyemment, Korth-Westem Prorinces, 

2nd Series, Vol. II, No. 4, 8vo., Allahabad, 1869. 

Govt, op N. W. Pbovikcm. 

„ Beport on the Administration of the North-Western Provinces for tk 

jear 1868.69, 8vo. Allahabad, 1869. 

OuDH. — Selections from the Records of the Government of the Province of Oodh, Ororn. 

8vo. Lucknow, 1869. Chisf Comhs^ Oui>h. 

Sanitary Report for Oudh, 1868-69, Folio, Lncknow, 1869. Chibf Ck>KMB., Ocdh. 

Statistical Committee Forms, to accompany the Annual Report of the Proyince of 
Oudh, 1868-69, Folio, Lucknow, 1869. Chibf Coxkb., Otdh. 

PvKJAB.-— Report on the Administration of Civil Justice in the Punjab and its Dependendw 

during the year 1868, Folio, Lahore, 1869. PuvJiB Gon. 

„ Report on the Sanitary Administration of the Punjab, 1868, Folio, Lahore, 1869. 

Punjab Govt. 

„ Report of the Inspector General of Dispensaries in the Punjab for the year 1868, 

Folio, liahore, 1869. Pukjab Oott. 

„ Report of the Inspector General of Prisons in the Punjab for the year 1868 

FoUo, Lahore, 1869. Pitkjab Govt. 

Tbdtbactioks of Socibtibs, <&o. 

Bbbltk.— Zeitschnft fiir Ethnologic. Heft. II, III, lY, for 1869 8vo. Berlin, 1869. 

Boston.— Proceedings of the Boston Society of Natural History, Vols. I to V, 1841 to 1856. 

8vo. Boston. 

„ Boston Journal of Natural History, Vols. I to V, 1834 to 1847, 8vo. Boston. 

Bbeslau. — ^Abhandlungen der Schlesischen Gesellachaft far vaterlsendische Cnltur, Philoso- 

phisch-Historiche AbUieilung, 1867» 1868, Heft 1., 8vo., Breslau. 

Thb Socibit. 

„ Al^handlmngen der schlesischen Gesellschaft fur yaterbendische Cultur, Abtheilan^ 

lur Naturwissenschaften und Medicin, 1867-68. 8yo. Breslau 1868. 

Thb Socibtt. 

„ Jahres-Bericht der Schlesischen Gesellschaft for vaterbendische Ctdtur, 45, ster 

Jahrg.. 1867., 8yo., Breslau, 1868. 

Thb Socibtt. 

Verzeichniss der in den Schriften der schlesischen Gesellschaft fur yaterkendische 
Cultur von 1804 bis 1863, incL, erschienenen Abhandhingen, 8to. 
Breslau, 1868. Thb Socibtt. 

Bruxbllbs. — Bulletin de V Academie royale des sciences et belles-lettres de BruzeUes, Tom. 

IX, Nos. 1, 2, 4, 6, 6, 8yo. Bruxelles, 1842. 

Calcutta.— Journal of the Asiatic Society of Bengal, Vol. XXXVECC, Pt. 1, No. 3, 8yo, Cal- 
cutta, 1869. Thb Socibtt. 

„ Proceedings of the Asiatic Society of Bengal, No. X. 8yo. Calcutta, 1869. 

Thb Socibtt. 

n Journal of the Agricultural and Horticultural Society of India, New Series, Vol 

I, Pt. 4., 8yo., Calcutta, 1869. Thb Socibtt. 

Cassbl.— Zeitschrift fur Malakozoologie, Vols. Ill to X, 1846 to 1863, 8vo.,Ca8ael. 

Cornwall.— Royal Geological Society of Cornwall. The fifty-first to fifty-fiftJIi annoai 

Reports cf the Council with the President's address, ^. &Ct Sto., 
1868-69. Thb Socibtt. 
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TiUes of Books, Donors. 

Dbbsdbh. — SitzuDgs — fierichte der Naturwissenscliaftlicben GesellBchaft Isis in Dresden, 

Jahrg^g 1869, Nos. 4 to 6, April, M^, June, Svo., Dresden, 1869. 

Gbsbllsch. Isis, Dbbsdbn. 

DuBLur.— Journal of the Boyal Dublin Society, No. XXXYIll, 8vo., Dublin, 1869. 

Thb Socibtt. 

Journal of tbe Boval Geological Sodetj of Ireland, Vol. II, Pt, 1, 1867-68 
8vo., Dublin. Thb Socibtt. 

Hanoybb.— Zeitschrift fiir Malakozoologie, Vols. I, II, 184446, 8to., Hanover. 

LoHDoir.— Journal of the Society of Arte, Ac., Vol. XVII, Noe..872, 873, 874, 876, 877, 

882, 8yo., London, 1869. Socibtt of Abts, London. 

Proceedings of tbe Royal Society, Vol XVIII, No. 114, Svo., London, 1869. 

Thb Socibtt. 

„ Proceedings of the Boyal Greographical Society, Vol. XIII, Nos. 3, 4, 870., London, 

1869. Thb Socibtt. 

Moscow. — Bulletin de laSoci^t^ImperialedesNaturalistes de Moscow, Vols. 1 to XIII, 1829, 

to 1839, 8vo., Moscow. 

„ Bulletin de la Soci^t^ bnperiale des Naturalistes de Moscow, Tom. XIII, No. 3, 8to. 

Moscow, 1868. Thb Socibtt. 

„ Noureauz Memoires de la Soci^t^ Imperiale des Naturalistes de Moscow, Tom, 1 

to X, 1829 to 1866, 4to. Moscow. 

Palkbmo. — Giomale di Sdenze Natural! ed Eoonomicbe, Vol. V, Part 1, 4to. Palermo. 

Thb Socibtt. 

Pabis. — Bulletin de la Soci^t^ G^logique de France, 2nd Series, Tom. XXV, Svo., Paris,. 

1867 4 1868. Thb Socibtt. 
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The following observations will be confined to the southern parfc of the country near 
to Gwalior, included in Sheet No. 1 of the Gwalior and Central India Topographical Survey, 
the northern part being covered by the alluvium, which I did not examine very closely. 

Physical features. — The southern part of the area is traversed by six ranges of hills ; 
three of these have an east and west and the other three a north-east and south-west 
direction. Of the three east and west ranges, that to the south, extending from near the 
town of Par on the west, to the Sindh river on the east, is between 3 and 40() feet above 
the level of the plain to the south and presents a steep scarp in that direction. The other 
two are not so hi^h and are less continuous; the northern range, that north of Gwalior, 
being formed of a line of isolated hills. 

The three north-east and south-west ranges are the continuation of ranges extending to 
the south beyond Sipri. All of them present a steep scarp to the south-east, and incline. 
at a small angle, in the opposite direction, roughly parallel to the dip of the rocks*. 

Two series, — The rocks forming the east and west line of hills belong to an entirely 
different series from those forming the north-east and south-west line ; the former being 
t'ormed of the Gwaliob Ssbibs and the latter of the Uppbb Yindhyak. 

Uneonformiiy. — ^These two series are totally unconformable to each other, the former 
having been immensely denuded before the deposition of the latter. In fact, I shall show 
presently that the principal physical features of the Gwalior series, vtV, the Par scarp 
and the two valleys included between the three ranges of hills, were in existence previously 
to the deposition of the Upper Yindhyau series. 

Crystalline.'^The narrow strip of country south of the Par scarp is ooonpied by the 
crystalline rocks. But except on the scarp and a few hillocks in front of it, the rocks are 
mostly covered bv the alluvium. This area is also traversed by numerous large quartz 
veins ; some of these extend for many miles in length, and attain to a height of 2 or 300 
teet above the plain. Further south, these quartz veins are more numerous, longer and some- 
times upwards of 500 feet high. 

• Cbtbtallihb Rock0. 

Par scarp. — As only a small area of these rocks is exposed within our limits, my observa- 
tioDH upon them will be very brief. The greater part of the Par scarp is formed of gneiss. 
Where highest there is only a capping of a few feet of the Par ouartzit^, the lowest member 
ol' the Gwalior series; but in most of the deep bays, which nave been worn out of the 
((larp, and east of Deogurh where the scarp is cut back by the Sindh river, no gneiss is seen, 
but the qoartzite extends down to the level of the plain. 

The gneiss in the scarp is in a very decomposed state, and a good deal covcreii by the 
debris of the quartzites, &c. The foliation is obscure, but in places it can be traced ; the strike 
appeared to be ea8t-20°- north. 

Tlu^ gneiKs most often seen in the scarp w composed of red felspar, quartz, and black 
mu"A ; fr(*quent1y the mica is entirely absent, and sometimes steatite b very abundant. 
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Another variety of the gneiss oocurs at the base of the scarp, at the western end, from 
Deogurh to Ladera, and also in the hillocks near the latter place. The differences between 
the two varieties are strongly marked ; this second variety is far less decomposed than the 
former; the hillocks by Ladera are formed of large blodu of it, some as much as 20 feet 
acroft. Foliation cannot be traced, and the felspar in it is white. Many sections of the 
junction between the two varieties are exposed in the scarp, in all of which the boundary 
between the two is well defined, the particular characters of each being as strongly marked 
at the junction as at some distance from it. 

Quartz veins. — The strike of most of the quartz veins which traverse the gneias \& 
north 30° to 40° east, but I have met with one or two with a strike of north 10° to aO^ west. 
These veins often run into the Par scarp at a height equal to the height of the scarp. Near 
the town of Par one of these veins can be traced for some distance through the quartzite; 
on either side of the vein the quartzite contains the debris of the quartz vein. 

Thb Gwaliob Sbbibs. 

This series of rocks, named after the city of 6 walior, which is built on it, occupies but 
a small area in this district ; the greatest lex]^th along the strike of the rocks being about 
50 miles and breadth about 16 miles. 

The series is composed of a variety of rocks consisting of quartzite, sandstone, limestooe, 
jasper, and contemporaneous trap. The strike of the ro^ks is east and west, and the dip 
towards the north seldom at a higher angle than 3°. 

I shall divide the series into two groups, viz., — 

Thb Pab Gboup and thb Mobab Gboup. 

The first, the lower in the series, consists principally of a quartzite sandstone and some 
shales ; the second includes by far the greater mickness of rocKs ; but in this group, there 
Lb no bed sufficiently strongly marked or continuous along the stxike to be used for the pur- 
pose of sub-dividing the group. 

Par quartzite. — The Par quartzite rests directly on the gneiss ; and occupies the top d 
the escarpment extending from a little west of Par east to the Sin dh river. 

That the quartzite was deposited upon a vexy irregularly denuded surface of the ^otm 
can be seen where the quartz veins penetrate the scaxp, as atGoojurra. Theeneissou 
either side of tibe vein had been denuded considerably below the general level, and on the 
east side to a lower level than on the west. 

In the scarp behind Par one of these quartz veins can be traced nearly a mile through 
the quartzite. The vein south of the scarp runs about north-20°-east, and at the top 
along this line the vein is sometimes seen in the quartzite and at others is covered by it 
For several yards, on either side of this line, the quartzite encloses large pebbles of quartz 
evidentiy derived from this vein. 

A few inches of the base of the quartzite is conglomeritic, being formed of rolled pebbles 
about the size of a pea, enclosed in a matrix of red decomposed felspar; above this it 
becomes very fine in texture, of a greyish color and regularly and thinly bedded. 

Thicknest. — The thickness of the Par quartzite vaSries considerably. In some places, 
as on the top of the scarp behind Par, there are only a few feet of it between the gneiss and 
the Morar group, but whenever a section of the quartzite is exposed some distance north 
of the scarp, a far greater thicloiess is seen. In the Badhano gorge, situated between three 
and four miles norui from the edge of the scarp, there is nearly 150 feet of the quartzites 
exposed. 

Shales. — At the east end, about a mile north of the main scarp, there is a second scarp, 
about 100 feet high, formed of about 40 feet of green and red earthy, sb'ghtly micaceous 
shales at base, capped by about 60 feet of quarteite. These shales do not appear to the 
west, but are overlapped by the quartzites in that direction. 

At the top of this group there is locally a very peculiar rock. Its greatest thickne^^ 
\^ not more tnan six feet. It is best seen near Bar a. East of this it is occasionally met 



PART 2.] Hacket : Country near Gwalior. 35. 

with, but to the we^t it is not seen in situ. This peculiar bed is very irregularly denuded. 
Jost south of Bar a Castle channels are cut through it to the depth of the bed, leaving the 
rock standing in columns some feet square, and large and irregular patches of it extend for 
nearly a mile towards the south. 

The following is a sketch section of this peculiar bed : — 



a— Par qu«rtzit« ; bb ^ — Peenlisr bed; «— Shale*, Ac., of Morar group. 

The bed presents some variety. At the point h^^ it is composed of alternations of 
limestone and silicious bands ; the former being softer are more worn, leaving the latter 
in projecting bands round the columns. The silicious bands weather into a very uneven 
honeycombed surface. Dr. Stoliczka informs me that they are formed of corals. In the 
oatljring patches south of Bar a bh, the limestone is entirely absent, and the bed is com- 
posed or a compact quartzite, often of a peoidiar oolitic structure. 

Small patches of this bed are seen resting on the Par quartzite eastwards almost as 
far as the Sin dh river, but the bed is thin, and the limestone absent. 

MoBAB Gbouf. 

The rocks of this group consist of argillaceous shales, finely laminated ribboned jasper 
and homstone beds, frequently exceedingly ferruginous, but in places the iron is entirely 
absent. There is also some thickness of limestone having the same ribboned structure, the 
bands of limestone from i to 2 and 3 inches thick alternating with silicious bands varj^ing 
from a line to an inch in thickness. The silicious bands are often of red jasper. 

IVa/>.--The group includes several spreads of contempoianeous trap, one of them 
of great thickness and extent. 

Thicknest. — It is difficult to estimate accurately the thickress of this group, as in 
parts of the section the beds have a slieht roll, but I ehould say that it must be at least 
2.000 feet thick. 

The line of junction between the rocks of this and the Par group is marked by a slight 
nse in the ground, seldom more than 30 feet above the top of the Par quartzite. 

It is an irregular line, roughly parallel to the Par scarp. At the west end it is only 
a few yards north of the scarp ; but eastwards the distance gradually increases, until oppo- 
site Deogurh, there is a distance of nearly five miles between the two. 

Badkano. — The only actual junction between the two groups seen along tiie line is 
at Badhano. Here resting immediately on the Par quartzite are about 80 ieet of white, 
nddish, and light green micaceous shales. 

It is doubtful if these shales exist along the whole line ; at all events, there can be onlv 
a few feiet of them in places ; they appear to be overlapped to the south, as the further north 
tbe section is situated, the greater the thickness of the shales exposed. Thus, a well situate 
by the side of the Bombay road, just on the top of the Ghat and about two miles north of 
we Par scarp, is sunk through the jasper beds nearly on to the top of the Par quartzite. 
In the bottom of the well, several feet of black carbonaceous shales are exposed, but in a 
^^ extending north from Simiria into tiie Par scarp to within a mile of t^e well, 
although no actual junction sections are en)osed, still there is only a foot or two of the section 
just above the quartzite covered. No black shales are seen in wis section, they may occupy 
toe foot or two covered, but even then, there must be a great reduction in the thipkness of 
tbe shales between the well and the head of the Simiria gorge less than a mile to the south. 
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Cfai/ heda. — At Dharoli, the beds resting upon the Par quartzite are white clajs with 
bands of various colours. In thitt section not only are the bla<;k shales overlapped, but some 
other shales above them: thus in the Sindh river at Bijura the following section is exposed, 
none of which is represented in the Dharoli section. 

Bijura. — The Par quartzite is not seen at base — 

black carbonaceooB, aUffhtlT mioaceoos, finely laminated, aha leu. 

ditto ditto with silicioas concretions, 
red and {freen shalea. 
ferrugiooas shales with conqpetions. 
red and ffreen shales, 
shales with silicioxis concretions, 
red finely laminated ribboned shales. 

ditto with silicious concretions. 

Concretions. — The concretions occur as fiattish round bftlls of flinty chert, sometimes 
1^ inches in the shorter, and 2^ inches in the longer diameter ; the longer diameter always 
being parallel to the bedding. 

In the Dharoli section the clay beds pass upwards into an irr^ularly banded rock ; tlie 
bands of from one-eighth to one-half an inch in thickness and formed of alternate bands of horn- 
stone and silicious brown hsematite, the bands of hornstone being most frequently the thicker 
of the two. The clay beds appear to be very local in their occurrence ; for m many places, the 
horustoue beds form the bottom of this group. It seems possible that the day beds are the 
homstonc beds locally decomposed. The two are very similar in structure ; the homstono i? 
seen in all stages of decomposition, and the rocks somewhat higher in the section, and equalh 
silicious with the hornstones have certainly decomposed into a similar clay, as, for instance, 
at the iron mines near Mangor and San tow, &c., where the red ana yellow clays cui 
be traced along the strike into the undecomposed red and yellow jaspers. 

The thickness of the clay and hornstone beds is about 50 feet The section above them 
in ascending order is as follows : — 

Red ribboned jasper with ferruginoQB bands ... ... ... ... 150 

Uibboned hornstone ... ... ... ... ... 60 

Red and yellowish, sliArhtly femvinous, finely laminated, banded shales ... 60 

8iliciouB ribboned shales ... ... ... ... ... ... 40 

Felsites and shales ... ... ... ... ... ... 20 

('ontemporaneouB trap (Choura trap) ... # ... ... 70 

Peldtes and shales ... ... ... ... 40 

Limestone with bands of chert ... ... ... ... ... 60 

Felsites and shales ... ... ... ... ... ... 60 

Contemporaneous trap (Be la trap)... ... ... ... 60 

Stiicious finely laminated ribboned shales, including bands of limestone ... 300 

Ribboned jasper and fermgrinoQS shales ... ... ... ... 300 

Contemporaneous trap (Mo rar trap) ... ... ... ... 600 

Uibboned jasper and ferruginous shales ... ... ... ... 60 

Limestone with bands of chert and jasner ... ... ... ... 70 

Ribboned Jasper, with ferrugiuous banas ... ... ... .60 

Semi-Jaspideous ribboned shales ... ... ... ... ... lOO 

CoTicretions. — Concretionary structure is very common in the lower part of this section, 
particularly in the jasper-beds. Some of the concretions in these beds are four feet long and 
four inches thick, but the greater number are about six inches long and 1^ inches thick ; the 
longer axis always parallel to the bedding. The concretions are formed of thin lamins of red 
iasper and haematite, and are mostly irregidarly cracked in the interior and the cracks filled up 
with quartz crystals. In some of the concretions there are irregular cavities, sometimes 
4 inches long and 2^ inches high, lined with quartz crystals. The best sections of these beds 
can be seen in the gorges north of Simiria, where vertical cliffs of them more than 
100 feet high are exposed. The beds of this part of the section are locally worked for iron. 
A description of the mines will be given presently. 

FeUites. — The felsites occur above and below the Choura, Bela, and Puniar traps, a^ 
well as under the outlying hillock of trap near Fasoulee. They aro mostly thin and 
regularly bedded, and in this respect resemble the silicious shales, with which they alternate. 

The most common variety of the felsites is a cream coloured felspathic matrix, in 
which are imbedded innumerable dark coloured crystals, probably of augite Another varietr 
consists of alternate irregular, thin light-cream, and dark-green, coloured layers, probably of 
felspar and hornblende. 
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The following is an analysis of one of the felsites by Mr. Tween : — 

SUicB ... ... ••• ••• • <w-6o 

Alamina with a little Iron ... ... ... .-. ... 21*51 

Lime ••• ••• ••• ••• ••• 2*08 

SiftffDesift -■• •■■ ■■• ■■■ "* 1 <s!c 

Potash ... . . .-. . . Olfl 

Soda . ... • • • ... 4'61 

Total ... 102-08 



Mr. Medlicott, who haa examined a portion of thiR area, found in the nuddj south of 
Baipoor some spherical hollow lumps imbedded in the felsites, which he describes as 
"Tolcanic (?) bombs, spherical hollow lumps of coarse trappean matter, imbedded numerously 
like great drops in one of the fine compact intertrappean beds a few feet over the Choura 
trap flow in section south of Eaipoor." 

It is difficult to arrive at any conclusion as to the origin of these beds ; but from their 
association with the traps, their general appearance, and composition, it seems probable that 
they are trappean ash-beds. 

Limestone. — The limestones are very uncertain in the section. Of the two limestones 
exposed in the Dharoli section, the lower, that between the Choura and Bel a traps, is 
covered by the alluvium both in the east and west of the line of section. The upi)er is very 
discontinuous along the strike ; at some places there is a considerable thickness of it, while in 
others it is entirely absent. 

Uncertain occurrence of limestone. — The best instances of the uncertain occurrence of 
the limestone are at Bhandaoli, Siharo, and Dangora. 

At Bbandaoli the hill is about 150 feet high, in which, in ascending order, the following 

section is exposed : — 

^ Feet. 

Sniclona shales ... ... •>• .■• ••• ••• 16 

Calcareous shales with bands of limestone ... ... ... ... 20 

Lixnestone ... ••• ... ••• •■• •■• lOO 

Silidous jasper-shales ... ... ... ... ... ■■• 20 

The beds are nearly horizontal ; only a few hundred yards further to the east there is 
no limestone in the section. On the west side, under the castle, the limestone is replaced 
l»y ochreous clay beds, in which are a few thin bands of limestone. A short distance further 
west, the only limestone in the section is in the calcareous shales at the base of the hilL 

SiAaro.— About a mile east of Siharo and north of Ootilla there is a hill of lime- 
stone nearly detached from the main range. The hill is about 100 feet high. On the south 
side, on the top, there are about 70 feet of limestone ; under this about 20 or 30 feet of 
calcareous shales with bands of limestone and at base silicious shales. In the main range 
not 60 yards distant there is not a trace of limestone. 

Dangora. — Another instance of the uncertain occurrence of the limestone is at 
Dangora. Here there are about 60 feet of limestone seen in section. It continues round 
the north side of the hill, but at a short distance to north-east the limestone becomes more 
earthy until it pa.sses into the ochreous clays. East of Dangora, the limestone continues 
for a short distance towards Fasoulee, but at that place none is seen in the section. 

I might mention many other cases of the sudden disappearance of the limestone, hut 
I think the above sufficient. The rock that replaces the limestone in the section is always 
the ochreous clay beds. The limestone and the accompanying rocks are as nearly as 
possible horizontal, so that the sudden disappearance of the former cannot be a<;counted for 
by dip. The beds above and below the limestone being identical with those above and below 
the ochieoos clay beds prove that the limestones are not faulted out of sight. 

Trap. 

There are at least four separate spreads of trap. I shall name these the " Morar trap," 
the " Barai trap," the " Choura," and the " Bela trap ;" there is also a large spread of trap 
west of Puniar ; this, I think, is a disconnected part of the Barai trap. 

Besides these great spreads, several smaller patches occur, as at Kote ki Serai, 
Malipoora, 8ingpoora, Baroori, and Fasoulee. It is probable that some, if not all. 
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of these patches are parts of the four great spreads, although the oonneetion cannot he traced, 
as these parts of the section are a good deal covered hj the alluvium. 

Morar trap. — The Morar trap is by far the most important from its greater thickness 
and extension along the strike. A map would scarcely convey a correct idea of its great extent 
and thickness ; as to the eastwards the trap is only seen at the base of the broken northern 
range and in the isolated hills dotting the Morar plain; but there can be no doubt, thej« 
isolated patches, and the trap under the hills round Gwalior, form part of one great spread, 
extending from Bitholi on the west to Jhankri on the east, a distance of about 30 miles. 
The western end of the Morar trap is covered by the Kymore sandstone, and the eastern 
by the alluvium. There does not appear to be any thinning out at either end, for at Bitkoli 
and Jhankri there is as great a thickness as anywhere along the line. About four miles west 
of Bitholi, in a ^rge near Malipoora, the Kymore sandstone is removed and a considerable 
thickness of trap is exposed. This is just in the line of the strike of the Morar trap and 
most probably is a continuation of it. 

Thickness. — The thickness of this trap must be considerable, although it is difficult to 
estimate it accurately. The breadth of the spread, at right angles to the strike, is at the 
western end upwards of three miles. The rocks immediately above and below the trap dip 
at an angle of 2°, and if the trap has the same dip, it must be upwards of 500 feet thick. 
But as there may be an alteration in dip between the northern and southern edges, this 
estimate is possibly excessive. At all events, there are vertical sections exposed in Gwalior 
fort hill, and some of the hills to the west, showing nearly 200 feet of trap, and some of 
the hills on the Morar plain, as at Dhaneli, Atarsoo, and Karwas, are nearly 100 feet 
high and are formed entirely of trap. 

Barai trap. — The Barai trap occurs on the south side of Barai hill. It extends to the 
east nearly as far as Tigara, where it is covered by the alluvium, and on the west for a mile, 
and is then covered by the Kymore sandstone. There is about 5U feet of this trap exposed 
in the Barai hill. The small patches of trap, which crop out from under the Kymore sand- 
stone, south-west of Bara'i, are obviously parts of this spread. The reason of its occurring 
in detached patches is, that the trap was largely denuded before the deposition of the 
Vindhyans, and that now, the Kymore sandstone rests sometimes on the trap and at others 
on the rocks below. 

Puniar. — The trap at Puniar is about 1^ miles south of the southern edge of the 
Barai trap, and of which, although the continuation cannot now be traced, it probably onoe 
formed a part. The traps are of about an equal thickness, and the beds above and belov 
them are very similar. 

Choura trap.— -The Choura trap is about 70 feet thick, and extends continuouslj 
from Naigaon, just east of the trunk road, to Choura. East of this, it is covered by the 
alluvium, but its continuation can be traced some distance further east, as small hUlocIu of 
trap are of frequent occurrence in that direction. It is probable that the trap seen in 
the stream north of Barori is a continuation of this spread, as the limestone on the top 
of it is very similar to that over the Choura trap. 

Its continuation westwards can also be traced, for in the nuddy south of Raipoor. 
about two miles west of Naigaon, a small patch of trap is exposed, which is probably a 
part of this spread. 

Bela Trap. — The Bela trap is about 150 feet higher in the section than the Chonra. 
It is covered by the alluvium at both the east and west ends, but to the eastwards, there 
are many outcrops of trap along this line, the farthest of which is at Kote ki Serai, about 
six miles distant ; these all doubtless belong to this spread. 

At the northern end of this spread, in the nuddy near the trunk road, north-west of 
Bela, the trap has the appearance of having broken through the strata and overflowed 
the rocks to the south. For a distance of about 20 yards, the nearly horizontal shales, 
upon which, immediately to the south, the trap rests, are seen in actual contact with the 
vertical trap for a depth of about six feet. East of this section the trap is covered by the 
alluvium, but to the west it is regularly interbedded with the shales. 

JRaipoor. — -In the nuddy near Raipoor a similar apparent case of intrusion i« si^w- 
but here unconnected with any overflowing trap. 
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The vuriet J of trap formiDg the different spreads is diorite. It is mostly largely 
ciystaUine, the separate crystals of hornblende and felspar being visible to the naked' eye. 
On the top of the Morar trap near Beipoor magnetic iron is very abundant in &e 
trap, bat with this exception there is little variety in the trap of the different spreads. 

ThB YiNDHYAN SlIBIES. 

Already described, — The western part of our area is occupied by the rocks of the 
Upper Yindhyan series. This formation, including that portion of it here represented, has 
already been reported upon by Mr. Mallet, (Mem. G^l. Surv., India, Yol. YH., Pt. 1). 

Belation to ChocUior,—! shall therefore confine my remarks to its relation to the 
Gwalior, and, principally, to showing the extensive denudation of the latter previously to the 
deposition of the former. Only the two lower groups of tiie Upper Yindnyans, viz., the 
KpHore and Mewah, are here represented; they form three parallel ranges, extending 
from the south in a north and south direction, but north of tiie Par scarp they trend to the 
norih-east. The most easterly range is formed of the Kymore conglomerate and sandstone ; 
the next--a few miles to the wesir-of the shales and sandstone of the Lower Bewahs, and the 
third-still farther west-of the shales and sandstone of the Upper Bewahs. 

OiUliers. — ^There are also ma&y outHers of the Kymore group resting upon theGwaliors; 
one of the hurgest of these is the Gwalior fort hill, the upper half of mnch is formed of the 
Kymore rocks. 

Uneowfbrmity. — ^The Kymore cross the whole of the Gwalior section, and along the line 
(^ junction numerous sections of the unconformity of the two series are exposed. 

Kymore conglomerate, — Further evidence of the unconformity is shown by the Kymore 
conglomerate, which is formed, almost entirely, where it crosses the Gwaliors, of angular 
and slightly rolled pebbles of red jasper obviously derived from these. 

Doorsari, — But the most interesting sections of the junction of the two series occur 
in the two gorges near Doorsari at Ladera and near Bhastori. These sections not 
only show tne extensive denudation of the Gwaliors, but also that their present physical 
featares, as, for instance, the Par scarp and the two parallel valleys, existed before the depo- 
sition of the Yindhyans. 

The Doorsari gorge is situated at the western end of the Par scarp about a mile 
beyond the western limits of the map. South of the Par scarp the Kymores rest directly 
on the gneiss and form a scarp running nearly north and south. The section is at the point 
of contact with the north and south scarp and the Par east and west scarp. The two scarps 
are each about 200 feet high. The Par scarp is formed of about 150 feet of gneiss capped 
h 50 feet of Par quartzite. The Kymore scarp a few hundred yards from the contact nas 
aboat the same thickness of gneiss at base, but capped bv the Kymore conglomerate and 
sandstone. At this point, the conglomerate is only a few teet thick ; north of this, the top 
of the gneiss falls rapidly to nearly the level of the plain, and its place in the scarp is filled by 
the Kymore conelomerate. At the point of contact of the two scarps, there cannot be less 
than a hundred feet of tiie conglomerate resting ggainst the steep Par scarp. At the top 
of the Par scarp, the conglomerate is only represented by a few pebbles, but it gradually 
thickens on the low ground to the north. 



iltl(lilJtetrtrn4m^^ 



, Junction of the Viudhyan and Par WMtps near Doorsari: (t— Kymore sandstone ; ^Kymow cofiKlamerat«; 
-nrnndstone; rf—Oncias. 
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^ The second gorge occiin ft short distance east of the above. On the west side, a similai 
section to that just described is exposed. The gneiss falls to nearly the level of the plaiii. 
and the Kymore conglomerate increases proportionally in thickness, until, immediatflr 
south of the Par scarp, it is nearly a hundred feet thick. 

In fact, the ground between the gorges, nearly half a mile, is occupied by a largt 
outlier of the Kymores, at the southern end of which (about a mile from the Par scsrp) 
the conglomerate is only a foot or so thick, but at the northern, there is a hundred feet of i; 
abutting at base against the steep cliff of gneiss, and at the top against the edges of the 
horizontal Par quartzite, which at the top of the scarp it covers. 

Ladera, — The next case proving the existence of the Far soarp previous to the Yindhju 
epoch is near Ladera. It is situated just south of the Par scarp, about 24 miles west at 
the Doorsari gorge. Here the Kymores are seen at the level of the plain, and abutting 
s^inst the scarp of gneiss and Par quartzite. It is also seen on the top of the scarp 
Ttie gorge in the scarp, just west of the narrow spit of sandstone, is also partially fiUed ap 
with the Kymore sandstone. The bottom and west side of the gorge are of nearly horizonlal 
Par quartzite, but the east side is formed of the Kymore sandstone. 

Western extension of Par searp, — There is also some evidence that the Par sai^ 
extended west of the Doorsari gorge, for at Sirs a, about three miles west, there i» in 
outcrop of the Par quartzite, and tne Kymore sandstone is seen at a lower level immedistely 
to the south of it. 

Outlier of Vindhyans at Bastari. — At Bastari there is a large outlier of the Kymore^s 
stretching nearly across the southern valley. The hill is upwards of 100 feet high, com- 
posed of massive irregularly bedded horizontal sandstone. The base of the hill is ooTered 
by debris, so that the Kvmore conglomerate is not exposed. Patches of the sandstone 
rest, unconformably, on the ridges of the Gwaliors, both north and south of the r&llej. 
On the south side many of the steep lateral gorges running into the main valley are 
partially filled up with the Kymore sandstone and conglomerate. It is obvious that tlie 
southern valley and the lateral gorges must have been worn out before the Yuidhraji 
epoch, as no amount of faulting cotdd have brought the sandstone into these gor^^s. 




Section near Bastari : a— Kymore saudstoue ; 6— Jasper beds of the Gn'olior ^^crics; c— Par sandstone 

Small outliers. — There are many other smaller outliers of the Kymore, particular!} 
near Jarga and Sohusa. They mostly occupy the low ground, partially filling up gor^^s 
or resting upon the sides of the hills of the Gwaliors, m all cases showing the extoiisiv'* 
denudation of the latter previous to the deposition of the Kymores. 

The question of the a^e of the Vindhvan series has already been discussed by Mr. Mallet 
in his report (Mem. Geol. Surv., India, Vol. VII, Pt, 1). 

Gwaliors. — The unconformity of the Gwalior series in our area to the gneiss op 
which they rest, as well as to the covering Vindhyans, is so great, that no conclusion can 
be drawn as to the exact place of the Gwalior series in the Indian series. 

Hindown. — ^The only other place where the Gwalior series has been identified t<» • 
certaftity Is near Hindown, about 60 miles north-west of Gwalior. The Gwaliors thorv i^*"^^ 
a ridge about ten miles long, extending in a south-west and north-east direction. Tho X^^" 
are thrown up at a high angle, seldom dipping less than 60° in a north-westerly direct ion 
Only a few nundred feet of section is exposed. Thr ridge is entirely surrounded by th- 
alluvium, and thus inolated from the other rocks of the neighbourhood. 
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Vpper Vindki^aiu. — The rocks nearest to the Gwalior ridge are the Upper Vindbyans. 
the npper group of which, the Bundairs, fomi a high scarp running nearly parallel to the 
ridge. The Bundaira are for the most part nearly horizontal, hut sometimes at their north- 
western limit dip at a high angle towards the south-east. There are two other broken ridges 
in front, north-west of the Bundair scarp, dipping at a high angle to the south-east, pro- 
bably formed of the lower groups of the Upper Vindbyans, via., the Bewah and Kymore. 
The nature of the junction between the Vindbyans and the Gwalioro is obscured by the 
alluvium. 

Bvana kilU.^A few miles north-west of the Gwalior ridge» and roughly parallel to it, 
is another line of hills extending from By an a in a south-westerly direction. 

QuarlziU series. — These hills are formed of a series of rocks not yet described, which 
we have provisionally called the ' quartzite series/ It consists of an immense thickness of 
quartzite sandstone, shales and conglomerate. The lowest group includes numerous spreads 
of contemporaneous trap. 

The quartzite series is most probably more recent than the Gwalior and older than 
the Vindhyau, for the conglomerate of the middle group (Dumdum a) of the quai-tzite 
"i^ries contains pebbles of ribboned jasper, «&c., almost certainly derived from the Gwalior series; 
and some distance south-west of Hind own, near Kerowlie, the Upper Vindbyans rest 
unconfonnably upon the lowest group of the quartzite series. 

Lower Vindhyans. — Lithologically, the Lower Vindbyans of Bundlekund have some 
rt^mblance to the Gwaliors, particularly to the silicious shales of the middle range of our 
atva, but the ribboned jaspers, so characteristic of the Gwalior series, are entirely absent. 

It is highly improbable that the Lower Vindbyans .and the Gwaliors are synchronous 
deposits, for no unconformity beyond overlap has been detected between the Upper and Lower 
Vindbyans in Bundlekund, and yet the lowest member of the Upper Vindbyans, the Kymore 
nm^Iomerate, is composed largely of pebbles of red jasper, almost certainly derived from 
the Gwalior series. Again, in the Sone valley, a considerable thickness of ribboned jasper 
occurs, identical in appearance ¥rith the jasper of the Gwaliors, and which series it probably 
there represents. The Lower Vindbyans rest unconformably upon these jasper beds. 

Bijawars. — The Bijawar series and the Gwalior have many points in common ; but still 
the characteristic jasper beds of the latter are not represented in the former. The relation 
«f these two series to each other has therefore yet to be determined. 

Latbbite. 

There are two patches of laterite in our area; one at Raipoor hill, of which it forms 
the peak, the highest ground of the district ; the second occurs on the Kymore sandstone, 
ihout two miles to uie north-west. Both these patches are small in extent and are about 
'JJ) feet in thickness. The beds composing these hills are exactly similar to each other, and to 
the great spread of laterite of Central India — ^purple clay with bands of brown haematite 
at \me, capped by the hard porous rock-laterite, — and no doubt, these two hills are outliers 
of the Central India spread, which has been traced as far as Sipri, about 60 miles south of 
the Raipoor hill. 

Economic Gboloot. 

ppper Vxndhyans.—Vir. Mallet has already described the resources of the Vindbyans 
I" his report on them ; in this district the sandstone, both of the Kjrmore and Lower Rewah, 
is largely quarried for building stone. The new barracks on the top of the Gwalior Fort 
bill are baut of the Kymoie sandstone, quarried finom the top of the hill. 

iroB.^The principal production of the Gwalior series is iron. Formerly, the work- 
[•^ for iron were far moro extensive than now, judging from the large excavations to 
"e met with. The peak of Par hiU is completely burrowed by the old workings and a large 
portion of the hill removed. Similar extensive excavations occur at Mangor and other 
places. The nason that the workings are not so extensive now as formerly is, not that the 
iron 18 exhausted, but that the wood to smelt it is used up ; all the hills for many miles round 
'♦walior being almost entirely bare of any tree or jungle, the ore has now to be taken a long 
Jistauce to the furnaces. 
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Par Hill. — The principal iron mines are situated at Par hill, Mang^or, and Santow. 
Nearly all the workings are confined to the lower part of the Morar group, about 100 feet 
ahove the Par quartzite. That on Par hill, not now worked, occurs in an outlier of the Morar 
group, forming a peak rising to the height of about 60 feet above the level of the edge of tbe 
scarp. The lower part of the peak is composed of white day beds with very re^lar vsrioosly 
coloured bands. The beds of the upper part of the peak are highly ferruffmous, the iron 
occurring in thin laminm in the variegated clays. It is from these beds uiat tbe iron is 
extracted. 

Manffor. — The Mangor mines, about three miles north-north-east of Par hill. These 
workings are confined to a narrow valley running north and south and nearly half a mile 
lone. On the east side they are bounded by a vertical cliff, the workings extend some 2i^) 
yards west of this, hut the greater part are close under, or only a few feet west of the clii 
The richest seams are worked by small shafts some 30 or 40 feet deep ; but on the west side of 
the valley iron is quarried from the sides of the low hills. The section in the shafts is yerr 
similar to that on Par hill, and the iron occurs in similar fine laminae in the days. 

In the quarries, on the high Ground, on the west side of the valley, the iron is extract^ 
from beds above those on Par hiu. These beds, although greatly decomposed, resemble tin 
lower beds of the Morar group ; the structure is the same, and they enclose concretions simi- 
lar to those which occur in the Morar group ; but here the jasper and flint, &c., forming tlie 
concretions are decomposed into red and white ochreous cfays. Both east and west of # 
valley, the clay beds pass into the undecomposed beds of the Morar g^up. 

Santow, — The workings at Santow are also confined to a narrow space. They ^ 
bounded on the north by a large quartz vein, and the principal workings are close to thk 
The richest beds are reached by small shafts about 50 to 60 feet deep, from which small 
galleries are extended. 

The heds from which the iron is extracted are the same as tliose worked at Manner asi 
Par ; they are in a similar decomposed state, and pass both to the east and west into tht 
jasper and hornstones of the series. 

Smaller mines. — Between Mangor and Santow, on the high ground, there are several 
workings, hut most of them small; there is one place,* however, near the curious old tm 
marked on map, where extensive excavations have been made. 

All these workings are on the same horizon as those of Par, Mangor, &c., and tbe 
iron is extracted from similar clay heds, which pass into the undecomposed jasperiDil 
hornstone rocks in all directions. 

The strata in all these mines are locally much contorted. In places there are vertical 
narrow strips of the undecomposed rocks, running through the clay heds in all directioGs- 
These strips are generally from three to six feet wide, and stand up like a wall, sometimti 
ten feet high. Thev are mostly formed of thin laminse of iron, and show shai'p contortion^ 
even in their small breadth. They are even harder and moro silicious than the unaltered rak^ 
on this horizon, as if the silica from the decomposed beds through which they pass had bee^i 
secreted in these strips. Iron is not more abundant in the parts worked than in a great ^^^ 
of the series, both on the same horizon and in other parts of the section. 

Thelaminasof iron are as thick and numerous in the hornstone and jasper beds as in tb* 
clay beds derived from them. Again, in the very highest part of the section, above tb^ 
Morar tran near Kh aria, the iron is quite as, if not more, abundant The reason, that th 
places worked were selected, was on account of the local decomposition and softening of tb 
rocks containing the iron. 

The miners told me that they sold the ore at the pit's mouth at the rate of betwtf^ 
60 and 70 maunds for the rupee. 

Limestone. — The limestone is quarried and burned, hut not on an extensive scale, as ^ 
natives appear to prefer the kunkur to be found in the alluvium just west of Gwalior. 

Black shales. — Some small excavations were made in the hlack shales in the hottom ct 
the well by the side of the trunk road west of Puniar, in the hopes of their leading 
ooaly hut, of course, without success ; the shales containing only a trace of carbonaceous matt 
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NoTB OK THS SLATES AT Chit^li, Kuhaon, bj Thbo. W. H. Huohbs, F. G. S., Geolc^ical 

Survey of India. 

Whilst at the hill sanatorium of Almora durine the late recess season, I was requested, 
in a letter addressed tome in September last by Colonel Hodgson, R. E., the Secretaiy to 
OoTemmeDt, North- Western Ihrovinoes, Public Works Department, to express an opinion, after 
visiting the spot, as tothe suitability of some slate for roofing purnoees, which was known to 
occur near a village called Chit^Ji, distant only a few miles from Dwara Hat, one of the well 
known camping localities between Naini Tdl and Masdri. 

Slate required fhr roofiiig, — The question to decide was one of importanoe, for, if the 
slate were pronounced suitable, it was intended to use it extensively for roofins the military 
buildings that were to be constructed at the new station of Banikh^t ; it having been estimated 
by Captain Bimey, R. E., the Executive Engineer in charge of Ran£kh6t, that after taking 
into consideration the cost of extraction and carriage, the employment of slate would be much 
cheaper than the corrugated iron in general use for roofing at most of the hill stations. 

The following short paper sets forth the views which I entertain regarding both the 
quality of the slate and the Quantity of it available. It would have been impossible, how- 
ever, for me to have arrived at a satisfactoiy and reliable conclusion on the first of these 
points had I not received considerable and courteous assistance from Captain Bimey. 

Colonel Hodgson's letter reached me on the 17th September, but I did not proceed to 
Chiton antil the 9th October owing to the lateness of the rains and the reported unhealthiness 
of the spot. 

Pontion, — ^The slate occurs in a spur of the hills overlooking a gorge, near the mouth of 
which the village of Chit^U is built. 

In this spur an experimental quarry was opened out, but when I visited it, although 
efforts had been made to clear away the debris that obscured the section, the extraordinary 
oontmuance of the rains prevented the men at the quarry from working as rapidly as they 
otherwise would have done ; and not more than 30 to 40 feet of rocks below the surface were 
exposed. 

The slates dip at high angles ; and, as may be presumed, there are different bands varying 
in their comparative goodness. None of the slates are cleaved in a definite manner, but a 
fev do exhibit this structure in an incipient stage. 

Before proceeding to purely economic matten, it may be useful to give, for the informa- 
tion of those who take some interest in geology, a generalised section of the Himalayas, in 
order to show roughly the horizon which the slate-rocks of Chit^li occupy. 

Geological Section, — Commencing at K41fdtin^ at the base of the hills, and carrying 
the section beyond the British frontier through the Milam pass, the rocks occur in the follow- 
ing order of succession : — 

A.— Sedimentary rocks. Principally sandstones, shales, and limestones. A few 
carbonaceous beds occur. Seen on the road from KlKddngl to Naini Til. 

B. — Metamorphic rocks. Schists, quartzites ; different varieties of gneiss ; skites 
and greenstones. Seen at Nairn T61, and from thence to M6nsm4ri. 

C— Gneiss, with numerous granite veins. Seen between Munshf&H and the 
upper Boti& villages of Bdrfu and Milam. 

D.*-Sedimentary rocks,* corresponding to the older, secondary, and newer rocks 
of European classification. Seen between Mihun and the Sutlej river. 

The Chit^U slate forms a horizon in the class of rocks under the heading B,— the 
same class in which the greater portion of the mineral wealth of the Himahiyas is contained. 

The general quality of the Chit^li slate bears favorable comparison with other Indian 
specimens ; but it is below the standard of typical Welsh slate. 

Qtta^iily.— It differs from the latter in splitting along the planes of lamination, instead 
of the planes of cleavage. It is coarser in texture : more suicious (sandy), heavier, and 
^tt a £iDer ring on being struck. Assuming the value of typical Welsh slate as ID, 
the general value of the Chit^li slate would not be more than 6. There are, however, 

• Prom this band come the Ammonit*^ (Salfifrfm) and the Bel«wiiUt (Chftchf pathar), which those who 
f «>«« the <num« brinif h^ck with thoro an inementoa of their iravaili* and their trafela. 
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Home filaies, — those iH^currinj? about 44) foet below the »1at«8 that crop out at the t4H» tHljje t»i 
the spur rtbove the quarry, — which are of somewhat higher value, bein^ closer jjminiHl, p<jss«^<- 
ing very even planes of lamination and Bulitting into thin slabs. These slates form a di^^ 
tinct band, their colour being darker than that of those above them. 

In recommending which slates should be utilised, I would certainly say the lower ones : 
the upper slates being altogether coarser and containing some iron galls. 

I am sorry that T possessed no means of testing the absorbing power of the specimens 
which I brought away with me from the quarry. But Captain Birney assures me thtt he 
has carried on experiments during the past twelve months to prove the porosity of the slate, anJ 
that the results nave been satisfactory. Captain Birney, to further test the sktte, had expitsis] 
several slabs to the action of the weather. All, with the exception of one which hati 
cracked, were perfectly sound when I examined tliem. The cracking of one slab I look upon 
as a matter of little moment as aifecting the quality of the slate, for all the specimens hiJ 
been procured from near the surCfioe ; and I believe that this cracking will not occur wheo 
the slates are quarried from a lower depth. 

Supplif. — With regard to the (question of supply there need be no fear. If the f<\m 
of the hill be opened out on both sides, there will be a store of slate more than ampW ti> 
meet all the demands of the barracks at Ran(kh6t. The beds have only to be followed aloiu: 
their strike to yield an unlimited amount of slati'. 

To conclude, I consider the Chiteli slate good enough for roofing purposes. And that 
slabs less than } of an inch in thickness and much more than a squai*e foot, superficial mea^aiv- 
ment, may easily be obtained. 

I would recommend, should the working of the quarry be determined upon, that nam 
competent person should be appointed to pass the slates. Native labourers are too inditreiYTit 
to take any interest in their work, so that no dependance can be placed upon them ; and thri 
would just as willingly Waste their time in splitting bad slate a^ they would in splitting ^^i 
The employment of one or two skilled Hlab-mon to supervise the other labourers and also t<i 
work, would in the end be more economical than trusting to the local abilities of the Clifte'L 
villagers, as they would probably spoil through carelessness an endless number of slates. 



Note ON THE LBAD VEIN NEAB CnicDOLi, RAivt3R DisTBicT, bv W. T. Blanford, E.^. 
Assoc, Roy. School op Mines, Dep. Supdt., Geological Survey of India. 

The following is the result of a brief surface examination of the locality near Chichiv 
at which lead was discovered three or four years since by Mr. Smart of the Revenue Sur??T. 
The spot is rather more than 70 miles west of Raipur on the road to Bhand&ra and Niigpor. 

The ore (galena) occurs in a well marked vein, chiefly composed of quartz, vbicb 
traverses the metainoi'phic rocks. The latter are not well seen in the neighbourhood of tli' 
vein, but in the surrounding country consist chiefly of granite or granitoid gneus^ aud 
homblend schist passing into diorite. Besides quartz the vein contains pink fekpvic 
considerable quantities, green and purple fluorspar, and a green mineral, probably epidtti' 
Galena is sparingly disseminated throughout the mass for some distance on each side of tW 
road, and I found slight, but unmistakeable, indiciitions of the presence of copper; sn»}l 
quantities of the green carbonate occurring in several places. 

In some parts of the outcrop there is a large quantity of peroxide of iron, sometin*^ 
as a coating on the surface, sometimes irregularly mixed with quartz (" gossan"). u><' 
evidently resulting from the decomposition of some other minerah This is a comnK'n 
occurrence at the outcrop of mineral veins, and is, I believe, usually considered a faronU' 
indication by miners, in copper veins at least. But the value of such indications depend;; 
greatly upon local conditions. Large masses of peroxide of iron and quartz, or " go^ 
as it is termed in Cornwall* are seen just north of^ a little peak about quarter of a mile nort!: 
of the road. 

The direction of the vein is N.-10°-E.--S..10°-W. : it forms a series of ridgw, sof 
of which are at least KK) feet hi^^h above the surface of the ground. I traced the vein 1> 
about half a mile north of the high road and for at least a mile to the south. 

Beyond the distance mentioned to the north, I could find no signs at the surfaoeol :■' 
occurrence, but I did not search far. To the south it doubtless extends beyond the i^p^'^ ■' 
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witich I ti-aced it, aud a hill is seen in the direction in which the vein runs, which may be 
formed of the quaitz. 

The width of the vein, as usual, varies greatlv. Near the high road, both north and 
south, it cannot be much less than 30 feet. About a quarter of a mile to the south, this 
thickness gradually decreases to about six feet. At this spot the veinstone rises like a wall 
above the surface of the little ridge formed of its quartzoee debris, and the direction of its 
dip, obscure elsewhere, is distinctly seen. It here unoerlays to the eastward at an angle of 
about 10° from the vertical, in other words, it dips at 80°. Beyond this, to the south, the 
thickness probably diminishes still Airther, as, for about quarter of a mile, the vein can no 
longer be traced at the surface ; beyond that distance it again forms a ridge of some height 

It is simply impossible from the surface examination of a metallic vein, especially in a 
district where no mmes exist, to ascertain what its value may be below the surface. All 
metallic mines are more or less speculations. Taking into consideration the lar^e amount 
of veinstone exposed, the proportion of galena seen is small, and unless the quantity of lead 
ore be greater below the sur&oe, it will not alone pay for the working. It should be observed 
that the fresh unaltered appearance of the galena found renders it impossible that its paucity 
is due to the greater portion having decomposed. But larger masses may occur below, and 
there is also a probability of copper ore being found. The occurrence of the ores in a well 
marked vein is certainly a most important circumstance, and I may add that it is the first 
instance of a distinct metallic lode that I have seen in India. 

Altogether I think it may safely be stated that there is nothing in the appearances 
presented by the Chicholi lode inconsistent with the occurrence of a good vein of lead and 
copper ore below the surface. There are two disadvantages in the locality : the absence of 
workmen aooaainted with mining and want of water, not merely as a motive power for 
pnmns, &c., Dut for stamps and washing floors. But these are only questions of expense, and 
flhould rich ores occur, will readily be overcome. 

At Wdrdband, 16 miles east of the Chicholi lode, two rather irregular quartz velhs occur, 
forming hills of considerable size. I saw no traces of ore or of fluorspar in these, but my 
search was necessarily hurried. The direction of these veins approximates to that of the 
Cbicholi lode. 

I1(h March 1870. 

Better specimens than before accessible have been assayed, and yielded 9 oz. 19 dwts. 
6 grs. of silver to the ton of lead. 

Thb Wabdha biybb Coal-fiblds, Bbbab and Gbntbal Pboyincbs. 

The last notice of these coal-fields was given in the Records of the Gleological Survey 
of India, Vol. II, pt. 4, p. 94. Since that time great progress has been made in the detailed 
exploration of the field, and it is now possible to give a tolerably accurate estimate of the 
extent of area over which the coal can be traced, and of the amount which is avulable, in the 
vicinity of the river Wardha. 

This river Wardha forms the boundarv between the Central Provinces, lying to the east 
of the river, and the * Assigned Districts' (fierar) and the Nizam's Territories, lying to the 
west of the river. The same boundary is continued further to the south by the Pranhita, 
as the stream is called after the junction of the Wardha and Weinganga, and still further to 
the south by the Go da very, as the continuation of the same stream is called after the 
junction of uie Pranhita and Godavery, near Sironcha. 

Previously to the recent exploration the only places where coal had been actually found, 
were a few pomts exposed by the cuttings of this nver. The whole sur&ce near the river is 
so covered with wideiv extended beds of calcareous gravels and conglomerates (P pliocene) and 
thick masses of sands and clays and often of regur, or black cotton soil, that, as a rule, very 
few, and these very limited and imperfect, sections are seen and the structure of the country 
must to a large extent be imagines or built up frt)m tiiese small sections. Although thick 
heds of coal were visible in the banks of the river, their continuance inland could not be 
traced, and even where the rocks were exposed, the denudation had been so great, and the 
thickness of the covering clays, &c., was so considerable, that the outcrops of beds of such , 
marked character as coal and coaly shale of 40 and 50 feet in thickness were entirely 
c(moealed. And it therefore was essential that actual borings should be put down. The 
results of a few of the early trials were given in the notice referred to above. (Vol. II, p. 94). 
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Shortly after the publication of that notioe three additiooal eets of boring tools were reoeiyed 
from fSorope, and were at once turned to account. And sometime later, a steam boring 
machine of Mather and Piatt s construction was delivered at Chanda, and preparations were 
made for working it. I shall now give briefly the principal results obtained. 

The two brace headmen who had been sent out from England had both suffered from 
the climate. Mr. Heppel had a very serious attack of fever, and was for a time dangerously 
ill. But he got over tnis attack, I am happy to say, and resumed his work as zealously as 
before. Mr. Longridge had suffered sligntlv at several times from the effects of the son; 
and I regret to say, the attacks became more n^uent and severe, until it was neoessaiy that 
he should be invalided and sent home at once. The advantage of his aid was lost from 
the very oonmienoement of the open season. Mr. Bat em an Smythe was appointed 
(10th December) in lieu of Mr. Longridge, and has proved a most efficient and useful 
Superintendent of the Works. Mr. W. Fenn Mather, who had had very oonsiderabk 
experience in boring with the steam boring machines constructed by the firm with which he 
was connected (Matner and Pktt) and who had temporarily come to India, was appoint^ to 
take charge of the Steam Borer^ and joined in the beginning of February. 

Taking up the narrative of the exploration from the time of last report published in tbest 
Beooids, I will now briefly give a notice of the principal fiuHa. 

I shall not at present delay to give the full details of the sections cut through at the 
various holes, but smiply enumerate the localities where these have been put down and state 
the results. The details will more appropriately be given with a more detailed geological 
rqK>rt. 

Up to November 1869, as already stated, only a few unsuccessful borings, in which nothing 
but thin unworkable beds of coal had been met with, had been carried out. A deeper boring 
to the east of Chanda town on the road to Moolh, and on the banks of the Jhurpnt 
Nuddi, was then in progress ; and this was subsequently carried down to a depth of 248 feet 
At this depth the progress made witii the poor windlass power then at command was so slow, 
and the importance <n determining the existence of coal elsewhere so much more prusing, 
that it i^peared wise to stop this boring, more especiallv as there was nothing definite 
tending to show the probability of a change in the rocks within a short distance. Tbe toob 
were therefore moved elsewhere. The same section is now being proved by the steam boring 
machine, with the additional advantage of testing the upper rocks for a considerably greater 
thickness. The borings to the south of the town of Chanda, although it was evident that 
they had been put down altogether outside the outcrop or line where the known coal, if it 
occur, could be traced, were not resumed, as it seemed better to reserve these for the 
monsoon, when men could find good shelter in adjoining bungalows at a time when it would 
not be possible to remain with safety in tents. A systnnatic examination, therefore, of the 
country extending northwards from the known coal locality nearGh^gtis was commenced, 
and has since then been steadily carried out. One additional bore hole was put down between 
the pit sunk on the coal near C hand ur on the bank of the Wardha and Nokora. This was 
due west of the village of Ghugus, and was intended to supply the information which 
we had been prevented from obtaining in nearly the same place by the loss of the minetal 
lifter in the ooring there. The obi^ of this was to prove ^e actual amount of variation 
which the seams showed within this distance of three miles. This variation will be hest 
seen in the accompanying details. 
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These borings are about 1^ mile from each oiber ; thej are beyond a shadow of doubt in 
the same general beds and the same ooals, whereaa the venr great amount of change in 
the thickness and character of the seams within this short distance is very evident. This 
u a veiy important point as bearing on the question of the economy of working. 

Proceeding northwards, two bore holes were next put down at Telwassa, near the 
river War dh a. The most southerly of these was intended to prove the beds below the 
thick coals, and to ascertain, if possible, the actual thickness of rock in this Lower Bar4kar 
group. It was carried down to 192 feet, and at this depth, when a few feet more would 
certamly have re^hed the Talchir beds below, the mineral lifter was allowed to get jammed, 
and in attempting to raise it, the steel Talve box at the end was foKMBd off and left in the 
hole, which was then abandoned. Some thin seams of very impure coal were found, as anti- 
cipsted, just at the base of the series, but nothing worth working. 

The second boring was fixed about a mile further to the north, on the east side of the 
river, and here coal was cut at 68 feet below the surface, (of which 29 were surface soil) ; 
and the same series of beds asatGhtigds, again showing considerable variations, were pierced. 
Altogether 41 feet of coal of varying quality were cut through in a total depth of 138 
feet. (See Annual Beport, Records, vol. Ill, p. 1-1). 

Another boring was commenced in the landa of the village of Gowarala» nearBhanduk. 
Thb was commenced, under a misapprehension of the instructions given, about half a mile 
from where it was intended to have men, but was useful, inasmuch as the cutters struck 
the Talchir rocks immediately under the surface clay, and thus effectually proved the 
absence of coal there. * 

Two other borings were put down at points intermediate between the Telwassa borings 
iost alluded toand the pit near Chandur. These were near the villages of Belora and Nilja, 
both in Berar. Both proved the continuance of the same group of beds of coal and shale, 
exhibiting ^uite as markedly as elsewhere the great and sudden variation in its character 
and sub-cuvuiona. 

It was next desirable to prove that the coal found on the Chanda side of the Ward ha, and 
there dipping to the west, did actually extend into the country of Berar on the west of the 
same river. To the south near the villages of Pipalgaon and Ukni small faults affect the 
continaitv of the rocks, and just opposite the point at which the boring in the Telwassa 
grounds had been put down, the series has been thrown down to the south of a fiiult which 
crosses the river. This has enabled some of the beds higher in the series of beds overlying 
the coal to be here preserved. And they overlap the coal beds to a greater extent than is 
seen in the adjoining and more denuded area. To test this part of the field, a bore hole 
was put down, which, however, was not sufBciently far to the west^ to avoid this great over- 
lapping, and which, therefore, only touched the extreme outcrop of the coal beds. Another 
hole about a noile to the north proved very satisfactorily the entire continuance of the coal 
beds into the country on the west of the river, or into Berar. 

Tracing up the same series of beds further to the nortii, borings were put down in the 
hinds of Kon ar a. This was in the lower rocks (Bar&kars) and proved no coal : another boring 
^ras put down at Borgaon, also without success. Some three miles further north, a boring 
was put down on the Berar side of the Wardha at Goari (called also Agashi), but 
nothing but black coaly shales were found here. 

These borings were all in the lower rocks. Still further to the north in Chanda district 
near the village of Majri, a boring was put down, first to the north of a fiaiult which cuts 
across the be£ there, with a view to proving that side, but without success, and then a second 
boring was conmienced to the south of this fault, where the great overlapping of the beds 
was partially avoided, and here coal was found at 75 feet from surface, and gave a rough 
section of — 

Dark shale, a littie coal^ 0*2 

Coal 51*8. And having proved this thick coal, we pro- 

ceeded no further. This thick bed, it must be remembers, is not all fiur coal, but is spHt up 
with many beds of very varying qualities. 

A boring, still in progress, was also put down near Nandori, on the Chanda side of 
the river to the south of me large area of trap which covers many square miles of country 
near to and around Wurrora. This thickness of trappean rocks effectually conceals 
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everything beneath them, and looking to the great irregnlarity with which the ooal rocks art 
overlapped, and the impoesibilitj of drawing any sound conclusion either as to the place or depth 
below tne surface at which ooal might be found, full^ justifies our putting the entire of this area 
out of calculation in estimating the extent or quantity of the ooal m these Wardha river fields. 
A boring will be put down to the north of this large area of trappean rocks where the lower 
beds are again visiole over a small area near Pani oorni, a village about six miles north-west of 
Wurrora and probably near Wurrora itself. But with this exception there will be little u»f 
in testing the rocks further in that part of the field at present. It is not at all intended to 
assert that the coal group does not extend under a considerable part of this area, but if it doe» 
80 extend, the chances of finding it are so uncertain, and the depth at which it probably occurs 
so doubtful, and in any case so much greater than in adjoining areas that, for the present at 
least, the coal even, if found, could not be worked to the same advantage or economy a.s 
elsewhere. 

A boring has also been put down in the Berar country well into the centre of the field 
and some six miles in a r^ht line from the river Wardha. This was at a place called Bajttr, 
which is near Naith or Net, and about ten miles to the north-west of Wun town. Tfali wa!> 
simply intended to test the continuance of the coal under the upper rocks, which cover thf 
whole surface there. Up to the latest reports, 15 feet of coal had been cut into there, quit<? 
sufficient to show satisfactorily that the rocks continue. 

Two or three more borings will now prove the whole of this northern part of the field 
with perfect sufficiency, and with detail quite ample as a basis for commencing the actual 
work of raising coal. , 

To the south of Chan da, the sections at Balarpur, where eood ooal is visible at the w&kr 
level in the river Wardha, in the territories of His Highness &e Nizam or on the west sidr 
of the river, have been examined. It was concluded from this examination that there was not 
much prospect of finding this coal extending into the Chan da district, as it had in all 
probability been very largely denuded or washed away and its place now filled in with bed» 
of great thickness of alluvial clay and sand, Sec. otill borings were put down to test the 
fact, and the rocks were proved at both sides of a marked &ult which crosses the section fi»m 
north-west to south-east, the rocks being down-thrown on the east, but to what extent it 
was not possible to calculate from the limited exposure visible. These borings proved the 
existence of a feW thin beds of coal, 1 foot to 1^ feet, but nothing worth working.* The full 
examination of the northern part of the field had then become so much more urgent that 
the tools were removed there. 

All the country south of Balarpur still remains to be examined. There is a certainty 
of coal occurring in the Nizam's territories in the area between the Pemgnngaand the 
Wardha, and a few borings are there required to test the thickness and quality of this coal. 
The area stretching from north to south throughout the district of Chan da from east uf 
Wurrora to Bhanduk and Chanda, and southwards by Balarpur to the Wardha 
near Kirmirri, is all composed of rocks which belong to series above the coal. It is there- 
fore possible that coal may be found to extend under these rocks and so cover a large area. 
But there is not a trace of these lower ooal bearing rocks visible anywhere along the line, 
excepting close to Chanda town. And as the covering rocks dip sharply to the east all along 
here a short distance only in that direction would tuow the ooal so deep below the surface 
that it could not be prontably worked in competition with the more aocessible and more 
fiivorably placed ooal elsewhere. This area ought to be tested by a series of well selected 
borings at long intervab, and if coal be proved, as I fully anticipate it will be near to 
Chanda, the indications should be followed up carefully. There is no surface evidence what- 
ever to guide the observer excepting there. I have already mentioned why the boring 
at Chanda had been deferred until the monsoon weather. But when they are oommencra, 
it will be needful to exercise a little more geological skill than had been shown before, for 
the holes which were bored were altogether outsioe or below the horizon of the thick coal 
which it was sought to prove ! 

No other group of beds containing ooal in a workable thickness has been traced in the 
field, and none other probably exists. It has been shown that this group of thick beds of 
shale and coal maintains a constant horizon in the general series, that it is laigely and 
irregularly overlapped by the beds which succeed it, and that with a great amount of variation 

* It is stated (Sapp. Qai. India, Jan. 16, 1870, p. 90.) that 6| feet of cool were proved at a depth of ISO fe«i 
trom sarface, within hair a mile of Balarpur ! ! None of the records of the borings bear out this assertion. 
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there u still a oonstttnej and continuanoe of the beds, which is BatiRfactory. In the 
fonner report I gave the resoltB of assays of the ooals raised from each successive foot in 
the boring at CHiug^; and I showed also what an admirable general index to the value 
of the eoals such assays were. I have had the same done for the coals cut through at 
Telwassa, and I now give the results of these assays.* It will be seen that the composition 
of the coal raised here is very similar to that atGhligus, and that, as a whole, the coals are of 
very second rate quality. As shown by assay (Records, Geological Survey, India, vol. II, 
pt 4, p. 99), the uppermost seam at Ghugds was good bright coal. And so it proved on 
cutting into it in the pit sunk not fiir off. But like all the bright clean coals of this lower 
group, it also turned out vei7 brittle and fragile, so that it would bear carriage badly .t 
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Pfbfuarg tSik, 1870. 




(Signed) 
t This brittle coal could be coked with adyaulage. 
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The couIh below that weiv verv inferior, and much that has subsequently been furnished fnim 
the sinking at this |iit for the use of the steam boring machine is scarcely worthy uf 
the name of coal at all, \Wth difficulty keeping up the fire, and not giving steam at all 
in sufficient quantity. The present assays show that this is the character of much of the 
Telwassa coal also. One thing is quite certain that, as pointed out long since, any estimate 
of value based on the duty obtained irom carefully selected coal from these will certainly 
give a false idea of the a\ erago value of the whole ; while in any ordinary mode of mining, 
the irregularity of these better beds, and the certainty that they will not continue for any 
great distance on the same horizon, will seriously interfere with the economic working of 
seams of such thickness as those we have shown to occur. 

It remains to consider what is the amount of coal which may be considered fairly and 
economically accessible in these Wardha river coal-fields so far as examined, that is, in other 
words, in the country lying between the Wardha and Pemgunga rivers In the south and 
the general outline of the trappean rocks which cover everything on the north. If we 
take this estimate in two distinct portions, as referring to the east and to the west side of 
the river Wardha, we can then combine the two to get the general results. In Wun 
district, to the west of the Wardha, there may be estimated to be about 70 square miles of 
country under which the thick coal may fairly be presumed to extend, and wift probably be 
found nowhere at a greater depth than 120 yards below surface. Now, from this we mu»t 
deduct a fair proportion for ground cut up by faults and disturbances, and so not likely to 
yield very profitable i-eturn from the working of the coal. If for this we deduct, say, one- 
third of the area, we will have 45 square miles yielding coal. The averse thickness of 
coal established by the numerous trials may be taken as nearly 40 feet, that is, of coal, 
coaly shale and beos of varying character taken as a whole. As I have shown, a very large 
deduction from this must be made, and I believe that an admission of 20 feet would be not 
only a maximum thickness of workable coal, but be even too high a figure. But taking 
this as 20 feet of workable coal over 40 square miles, and assuming 600,000 tons as a fair 
amount of coal obtained from the square mile per foot in thickness, we have 
600,000 X 40 X 20 = 480 millions of tons of coal, of such quality as it is, available in East 
Berar at depths below the surface not exceeding say 60 fathoms. 

Passing into Chan da we have equally an area of about one and half square miles near 
Ghugiis, (making the same allowance for disturbed ground as before), and an area of about 
five square miles in the north of the field. And as the beds of coal are precisely the same. 
we take here the same estimate of thickness, viz,, 20 feet of workable coal. And proceed- 
ing on the same data, we will have, therefore, in Chan da, 600,000 x 6*5 X 20 = 78 millioos 
of tons. This latter result fully bsarn out what was stated months since, that there was 
a very much larger amount of coal available in the 'Assigned Districts' than in 
C hand a, in the vicinity of the Wardha. 

We certainly ought not to estimate more that one-half of these quantities of go(d 
coal. 

While engaged in the practical exploration of these coal-fields, I had frequent applica- 
tions from the Engineers employed in making trial sections and estimates for a proposed 
line of railway for information as to the position, quantity, and quality of the coal, and 
as to the general question, which would be the line best adapted to meet the requirements 
of the case, so as to facilitate the transport of this coal to the existing lines of railway 
to the north and southwards to the Godavery. It was also asked that the opening up 
of the cotton country should be borne in mind. Every information was readily afforded 
from time to time as new facts were ascertained. 

But this necessarily led to the consideration and discnsaion of the best direction in 
which to carry a line of railway with these avowed objects. The intended point of junction 
with the Bombay and Nagpur line was stated to be the Wardha station, and it was at first 
assumed that tbe line mt/^^ go to Chan da or through the Chanda district. Long since I 
pointed out that it required but a ver^'^ trifling acquain^nce with the country to show that by 
much a larger area of coal existed in Berar than in Chanda, and that it was simply 
misleading opinion to speak of this coal-field as the Chanda coal-field. I also had occasion to 
show that the pit which was being sunk to the coal near Ghtlgus was quite nnnecessarj ii it 
were only intended as a means of trial of the coal, and that if intended as a means of working' 
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the coal afterwards, it was injudioioiuly plaoed, and mtut be for years to corae superseded 
bj others more oonveniently located. Suoh general considerations, however, based on a view of 
the field at large were of little avail, as compared with * practical' views, and the work was 
hastily pushed on. It is to be hoped that the fact, that the Geological Survey have since then 
pointed out the exact localities for borings and have thus proved tne existence of* coal within a 
tew feet of the surface, where, they were told, * such trials were only foolish blunders/ evincing 
an * atter ignorance of the teachings of Mining,' and were ' at places where it was impossible 
that coal could exist,' will be a warning to future enquirers in their researches, and that they 
will at least try to make themselves acquainted with the geological structure of the area they 
are about to examine before they trust to preconceived notions or permit themselves to be 
swajed in their investigation of facts by personal wishes or local tendencies. 

The facts stated above are sufficient to show that if the object of a proposed line of 
railway be to accommodate the largest amount of co€d traffic, there cannot be a shadow of 
doubt that that line of railway should go right into the middle of the Wdn district. 

The consideration next in importance to the establishment of a free communication with 
the coal-fields was stated to be ' the opening out of the Hingunghat cotton country.' 

But what is the Hingunghat cotton country? By much the larger portion of the cotton, 
which now finds its market at Hingunghat, and all of which is shipped or sent away as 
Hingunghat cotton, is not grown in the immediate vicinity of Hingunghat, but is brought 
from very considerable distances. Previously to the opening of the Nagpi'ir branch of the 
Great Indian Peninsular Railway, a large share of its supplies was drawn from the country to 
•the north and north-west of the place, and much excellent cotton was brought to Hingunghat, 
even from Arwee, 50 miles to the north-west, and from the districts in that direction. All this 
cotton now finds its natural outlet at the nearer marts of Wardha and other places on the 
line of railway, and scarcely a load, as might have been anticipated, crosses this new line of 
communication to reach Hingunghat on the south. The country lying between Hingunghat 
and Wardha must also naturally seek the nearest markets for its produce. For the Hingun- 
ghat market, therefore, the supplies must now be derived from the south, south-east, 
and south-west. But to the soutn^east, and partly to the south, on the east of the river 
Wardha, with the exception of a small area near to the town, the country is almost an 
unbroken jungle for himdreds' of square miles. The so-called ' southern road,' although it 
payees very near to the large towns of Wurrora and Bhanduk, scarcely touches even isolated 
patches of cultivation for its entire length from near Hingunghat to near Chanda, and 
a^m south and south-east of Chanda it sweeps for mile after mile through dense jungle, 
l^is belt of forest jungle is in places 30 to 40 miles wide from east to west, and not 
only does this immense area not yield any cotton at the present, but it is of such a nature 
that no reasonable hope of its ever producing cotton profitably can be entertained. The 
surface deposits are derived from the decomposition of coarse terruginous sandstones and 
other silicious rocks, which yield a dry thirsty sandy soil, in which the cotton plants can- 
not flourish. Between this immense range of forests, yielding little but mere jungle produce, 
and the Wardha river there is a belt of open ground varying in width from two to ten miles, 
over which are spread thick deposits of alluvial cla^ and occasionally regur in which a 
fair amount of cotton is grown. But, as shown, this area is very limited, and the amount 
of produce must be equally so. On the other hand, to the west of the Wardha, the country 
is open and cultivated, and produces largely of cotton over an area very many times the 
extent of the possible cotton yielding country of Chanda. And besides this large area in 
Berar itself, immediately adjoining to it on the south, is the rich and well known district of 
£dlabad in His Highness the Nizam's territories, from which, even at present, with all the 
difficulties of long huid carriage (at least 60 miles to Hingunghat) and heavy rivers to 
cross, by much the most valuable portion of the ' Hingunghat cotton' is obtained. I was led 
to these considerations myself while engaged in the careful examination of the country (and 
f«w persons, if any, see the country wiSi the same detail that geologists do), but I have also 
Wn confirmed in this view by those actually engaged in the cotton trade, and who, therefore, 
were personally able to ascertain tJie facts. Mr. F. Curwen, agent for Warwick and Compan}', 
by tar the largest dealers in Hingunghat cotton, stated to me on enquiry that he had given 
particular attention to this important question of where the cotton which came to that 
market was grown, and had ascertained that taking the ordinary annual sales at Hingunghat 
as about 30,000 bales, not more than 2,(XK) out of that quantity were the produce of land 
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near the town, and to the south and south-east of it on the left side of the Wazdha liTer; 
by far the largest portion and the best quality coming iirom the Nizam'e temtories (Edlabtd, 
&c.f) and irom East Beiiar.* 

Equally, therefore, if the object be to open out this valuable cotton yielding country 
by a line of'railway, that railway must be carried through East Berar and to the west 
of the Ward ha. 




These facts also account for the small and ' not increasing' cotton trade at Wurrora, 
which is too near to tlie larger and more important mart ofHingunghat and too &r frum 
the main source of the raw cotton to absorb much of the trade. There can be no doubt that 
if'once railway communication be opened up into the W6n and Edlabad country, new nuurts 
and presses for cotton will rapidly spring up in more immediate proximity to the places of 
growth of the crop, where the risks of injury from exposure on open carts and from delays 
in bringing to sale will be reduced to a minimum. And in this point of view, it may be 
well deserving of consideration whether the necessarily reduced trade of Hingunghat will 
then repay the cost of construction of a branch line of railway. 

Other special objects to be gained by the construction of a branch line of railway were 
stated to be the utilization of the timber forest of Aheree and the connection of the Goda- 
very navigation with Central India. To accomplish either of these objects, it is essential 
that the proposed line should be carried as far to the south as the bottom of the third barrier 
on the Godaverv river, or to the town of Mo g^li, or rather Talye or Talawye, on the 
west, or of Dewalmurri on the east of the Pranhita. To accomplish this, it waspropoeed 
to carry on the line, which it was assumed would go to Chanda town, to Kirmirri, where 
a sound rockyf foundation for a bridge would be obtained, and crossing the Pranhita 
there to proceed to Mogdli, on the opposite or west bank of the river. How the timber of 
Aheree which lies away from the river on the east side was to reach the railway on the 
west I know not. But there is little need to discuss thid, for the surface of the ooantry 
to the south of Chanda town offers physical difficulties, which will prevent any economical 
construction of a line of railway there. The line, alluded to above, if carried into East 
Berar could, on the other hand, be prolonged to Mog^li, or Talye, without meeting with 
any equally serious difficulty. It could cross the Pemgunga above the junction of the 
Ward ha, where the body of water and the cost of bridge would not be one-half of what it 
is at Kirmirri, and where it would be close to coal. 

Exactly the same arguments suggest themselves if we consider the connection of the 
Godavery navigation witli Central India, to accomplish which, the main point would, of 
course, be to obtain the cheapest and best road to the bottom of the third barrier. But to 
these maj also be added the fact, that there is every prospect of a considerable area of coal 
in the Nizam's territories between the Pemgunga and the Pranhita, all of which would be 
economized by a line of railway on that side of the Pranhita, but would be useless or nearly 
useless if that communication were carried out on the opposite bank, where no coal occun. 

Any advantages anticipated from the introduction of the Wardha coal into the southern 
parts of the Peninsula (Madras, Hyderabad, Ac.,) would be common to either line. But the« 
may be, I think, put out of present consideration altogether. If, on further investigation, 
the coal known to occur near Dumagudium and to the south of that place prove abundant 

* The Tehsildar of Wun reports that the ground under cotton cultivation this year was Ki,177 acrm : the 
average produce for each acre was 76ilb8., the total produce 1,077,770 aeera =s 9,000 bojaa, or 16,000 gutUs (ba}«s)- 
Besides the above, about 12,000 bojas, or 24.000 fpittas, are carried through this taluq to Hingunghat from Hie 
Highness the Nizam's territories, f^om Rajur, Manikgur, and Bdlabad taluqs. — April 1870. 

t It is a singularly perverted misapplication of a tolerably well known geological term to speak of the »ride 
spread area of crystalline rocks which are exposed at Kirmirri and to the east as a " gneiss dyke." The oolr 
real use of such special terms is to convey accurate ideab without the necessity of long deaoripUons.'bat if enplojed 
when their meaning is not known they must have exactly the opposite effect, and must lead to confusion aa^ 
obscurity. 
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and of fair quality, there would be no hope of contending with that field for the supply of 
Madras or elsewhere to the south. And it is greatly to be regretted that Colonel Haig was 
not supplied with the means of investigating this very important question during the present 
year. And in any case coal does occur many miles to the south of the Chanda coal in the 
Xizam's territories, which is much more conveniently placed for meeting any demands from 
the south. 

Other considerations have been introduced incidentally as it were, which may be just 
alluded to. ' The rich iron ores of Chanda would before long/ it is said, ' be smelted at 
Ibundries near the coal-field.' Whether such a rapid introduction of iron works can fidrly 
be looked for under any circumstances is more than questionable. That rich iron ores do 
exist in the Chanda district is well known, and equally that they exist in practically exhaustless 
quantity (there is a whole mountain n^^ly ft mile lon^ of magnetite in one place),- but these 
ores do not occur near the coal-fields. There is also haematite ore in the Yanak hills, near 
to where the line of railway if carried down there ought to cross the Pemgunga, and near 
to coal. 

In all these remarks I would say that I have purposely avoided entering on any ques- 
tion of the comparative facilities, or comparative economy of construction of any such line. 
Some years' experience in laying out and making railways might justify my discussing these 
points, but I have known so many instances of absurd mistakes as regards sections and 
estimates for such works based on a mere inspection of the ground, or put together on the 
information of others only, that I would not venture to offer an opinion without actual 
survey. Nor is there any necessity to do so. Trial sections have, I believe, been taken over 
both the lines referred to, and I am much mistaken if these sections have not shown how 
entirely below the mark the first estimate of the cost was. But, ceeterU paribtts^ I merely 
wish to assert, that a line of communication direct from Ward ha into EastBerar will 
acconunodate any likely traffic in coal, and will open out the cotton country infinitely better 
than a line direct to Chanda, or through the Chanda district. 

I cannot close without noticing how much, in my opinion, this matter has been obscured 
by the unhesitating adoption of the term of the Chanda coal-field. It so happens that just 
there the territory immediately adjoining is under a separate government, and belongs to a 
different juriadiction, and the very existence almost of the Berars has been scarcely lauded 
to in diaeussing lines of communication, which were to be designed for the benefit of the 
country at lai:^. But geological formations are not coincident with political boundaries fixed 
for the convenience of man. Such examinations acknowledge no fiscal limits ; we have but to 
ascertain the facts carefully, and then to state them freely, convinced that any attempt to 
force the teachings of those facts into a preconceived groove of local tendencies must fail 
sooner or kter, as does every such efibrt to run counter to the laws of nature. 

Whether even the large extent of coal proved to exist in Berar, of a quality such as it 
is shown to be, and varying so much as it does at different points, will repay the charges for 
construction of a line of railway, is, I think, worthy of much closer consideration than it 
has yet received. The calculations which have been gone into in g^reat detail, although 
correct in themselves, are based on data, which even the few weeks that have since elapsed 
show to be fallacious. English coal was taken as costing at Bombay on an averaoe Rs. 30 
per ton ; at Nagpiir Rs. 60 to Rs. 70. And it was calculated, even allowing for £ne use of 
two tons of local coal instead of one of English, that at any place east of Bhosawul a saving 
of £16*., or Rs. 13 per ton, would be effected by the use of Ghti^s coal. The price 
of English coal at Bombay is now, April 1870, Rs. 14 per ton, that is, less than one-half 
the pnce calculated, or a difference in first cost greater than the estimated saving H I do not 
believe that this rate can be maintained, but it is ouite possible that the continued use of the 
Suez Canal will tend to reduce very considerably the average cost of English coal at Bombay. 

This one item alone would totally upset all the calculations of cost, of profit, and of 
traffic even. And before it can be as.serted that a branch line of railway to the Wardha 
river coal-fields will even repay interest on the cost of its construction, vastly more careful 
and more widely gathered statistics, both as to cost and amount of traffic than have as yet 
been hastily procured, or at least published, must be sought for. 

May l*f, 1870. T. Oldham. 
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Kepobt on thb Coal at Korba in thb Bilaspub DiaTBicf, by W. T. Blavford, £»q., 
F. G. Sm As8., Rotal School op Mines, Dep. Supdt, Geological Survey of India. 

1. Locality and mode of outcrop, — The village of Korba is situated in the eastern 
part of the Bilaspur district belonging to the Chhatisgarh (Chutteesgurh) division of 
the Central Provinces, and is the residence of a zemindar who owns a large portion of the 
surrounding country. It lies on the left or eastern bank of the Hasdo river, a large tributary 
of the Mahanaddi. This stream has in most places a broad sandy bed, vaiyin^, however, from 
about 200 yards to above half a mile in breadth. The country around Korba for many 
miles in all directions is flat or very gently undulating and usually covered with clay. 

Coal is exposed in two places close to the right (western) bank of the river iast below 
Korba. The exposures are in the bed of the river, no section being seen in the oank itj^elf, 
and, as will presently be shown, it is probable that both belong to the same seam of coal. 
A very slight rise in the river is sufiicient to conceal both outcrops. 

The lower outcrop, which is about half a mile below the village, is the best suited for 
examination, as both the top and bottom of the seam are exposed. A considerable proportion 
of the section is above water during the dry season, although there is always a great thick- 
ness concealed. The seam is remarkably thick, but owing to its mode of occurrence it u 
impossible to measure it exactly. It may, however, be computed sufficiently closely for all 
practical purposes. The dip varies in inclination from 13 to about 18^, and in direction 
from N.-30°-E.. at the nortnem extremity of the section, to N.-16**-E. at the southern end. 
The horizontal breadth of the outcrop at right angles to the strike is 350 feet, and, taking 
the avei-age dip at 15,° the corresponding thickness is 90 feet. This, I believe, is rather below 
the truth than in excess of it. 

Both above and below the coal massive felspathic sandstones occur. Below the seam 
but a small thickness of these rocks is exposed, but above it at least 400 or 500 feet are seen 
in the river. 

2. Section of Coal seam and quality of Coal. — Of course the great thickness already 
mentioned does not consist throughout of workable coal. Bands of shale and of inferior 
coal are interspersed, as is more or less the case with most Indian coal seams. From the 
imperfect manner in which the seam is expofsed, especially towards the base and from the 
surface, as usually happens in similar positions, being extensively decomposed, it is impossible 
to obtain a> correct idea of the quahty of the coal without cutting into it. I consequently 
had a series of small pits dug, six to seven feet deep, and from these and the portions of the 
seam fairly seen in the river bed, I obtained a good section of the whole thickness with the 
exception of about ten feet. To examine these few feet would have caused some delay with 
the means at my disposal, and I had already fully ascertained the existence of a large pro- 
portion of good coal. 

The section of the seam thus ascertained is the following. Of all the bands of coal 
to which letters are attached specimens have been transmitted to Calcutta for analysis : — 
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The above section shows a minimum thickness of 50 feet of fair coal. The proportion 
k probablj nearer two-thirds of the seam. The best bands appear to be those marked 
h, g, and h ; portions of these and especially the lower two feet oi ft • appeared to me equal 
in quality to any coal found in the fianip:unj field. There is some iron pyrites here and 
there, but not throughout. The coal ignites readily and bums well with rather more 
flame than is usual in Indian coal obtained from the surface. The ash left is lai^e in 
quantity and partly red, partly white. 

Probable extent of seam, — Metamorphic rocks are seen in the H a 8 d o about three miles 
south of K o r b a, and also at about the same distance to the north : these mark the limits of 
the beds accompanying the coal in those directions. East and west the coal-bearing beds 
extend to a great distance, and to the north-east they are apparently continuous with those 
forming the huls east of Chiiri and Sotringa, and these are prooably part of one large field 
which has been found by Mr. Medlicott to extend beyond Sirguja. But unfortunately 
the smface of the country near K o r b a is so much covered with alluvial deposits that 
very few rocks are visible, and those seen are almost invariably coarse sandstones, the dip 
of which can rarely be determined accurately. West of the H asdo the concealment is even 
greater than to the east, while in the latter direction the whole country is an immense forest, 
rendering the relative position of the few outcrops met with very obscure. 

But little information can be derived from the rocks seen in the H a s d o. The second 
outcrop of coal occurs about 300 yards higher up the river than that already described, 
and close to the same (right) bank. It is distinctly seen to be faulted against the sandstones 
which overlie the coal exposed at the southern outcrop. About 60 feet of coal are exposed, 
neither the top nor the base of the seam being visible. The dip is very irregular and 
twisted owing to the fiftult close by ; it averages about 12° to N.-10°-W. 

It appears more probable that this is the same seam as that seen a little further down 
the river, and that it is brought up again by the fault than that two seams of such unusual 
thickness should occur in the same beds. This, however, can only be decided positively by 
boring. The coal at the more northern outcrop appears rather inferior to that seen to the 
south, but in the latter locality the central poi*tion of the seam contains more shale and 
inferior coal than the top and bottom, and it is the central portion of the seam which alone 
u exposed to the north. If the two outcrops belong to the same seam the fault has a down- 
throw on its eastern side of no great amount, prooably not much above 100 feet. 

So far as any reliance can be placed upon the dips in the sandstones, the general direc- 
tion appears to be north by east to north-north-east for about a mile up the river above 
the coal. Beyond this no rocks are seen. Just above the village of Korba on the left 
bank there is a reversed dip to the south-west, but it is probably local. 

Below the southern outcrop rock is only seen in the river at distant intervals ; the few 
sections observed appear to indicate that the direction of the dip changes to the eastward. 



* By a roagh experiment, I obtained Tcry fair coke from this port of the tfcam. 
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In this case the outcrop of the seam may pasB for a long distance down the river, being 
concealed by the sand in the bed, which is here of great width. All dips seen appear to be 
lower than those at the outcrop of the coal, and it is highly probable that the amount of 
inclination may be higher at this spot than it is elsewhere, and the direction of the dip 
different in consequence of the fault close by. The circumstance already mentioned of the 
variation in both amount and direction of dip at different parts of the outcrops in the coal 
seam itself is in favor of this view. 

So far as an opinion can be formed on these very imperfect data, it appears that the 
rocks associated with the coal cover a large tract of country, and it is improbable that so 
thick a seam should thin out within a shopt distance. It is, however, quite in accordance 
with our knowledge of similar seams in other parts of India that the exact thickne&s. 
the quality of the coal, and the proportion of good coal to inferior coal and shale should 
be highly variable. 

If the coal seam be continuous it should be found west of the H a s d o throughout a tract 
from one to two miles broad, extending probably in a west-north- western direction from the river, 
the southern boundary of this tract passing through the more northern of the two outcrops 
seen in the river. East of the stream the seam should underlie the village of E o r b a and the 
river bank for at least a mile below and probably one to two miles above the village, and it 
may extend for an indefinite distance to the eastward, but it is possibly at a considerable 
depth below the surface throughout a large proportion of the area. 

It is evident that before attempting to open a coal mine, boring must be resorted to is 
order to ascertain the extent of the seam and its depth beneath the surface. The best places 
for boring will depend upon whether it is desirable that the coal should be extracted on the 
east or on the west side of the H a s d o.* 

If to the west, as the strike of the rocks is somewhat uncertain, the first boring 
should be made about a quarter of a mile west-north-west of the spot where the more 
northern outcrop appears in the river. Although the strike at the outcrop is west by south, 
there can be but little doubt that the normal strike is north of west, and that the alteration 
is due to the fault. Should the coal not be found in the first boring within a depth of 2l)) 
feet, two others, one 300 yards further north, the other at the same distance to the south, 
should be made. When the true direction of the outcrop is ascertained, it will be well to con- 
tinue the borings along it at distances not exceeding half a mile apart, as any slight chanj^e 
of direction coupled with the high dip (if the latter be constant) will take the coal below 
the depth to which borings can most conveniently be made. There is also a possibility of 
other faults occurring besides that seen in the river. 

On the east of the H a s d o the question is simpler. The fault so frequently referred 
to must either pass through the village of^ K o r b a or just south-east of it. West of the 
fault a boring behind the zemindar's residence would probably pass through the seam. 
East of the fault the best plaoe for boring is at a spot where sandstone occurs in the 
left bank of the river below Korba, due east of the more southern outcrop on the right 
bank. Owing to the rather high dip, these borings should be made to a de^th of about 
400 feet, if coal be not found sooner. jBut, as I have already suggested, it is far from 
improbable that the high dip is local, and that on the left bank of the H a s d o the inclina- 
tion is less, in which case the coal may be found at a moderate depth. Other borings, 
if the above are successful, may be made at intervals along the east bank of the stream 
below Korba. To the north of Korba the coal for some distance is probably at a coib 
siderable depth, but if continuous, it must again rise towards the surface between one 
and two miles noi-th of Korba. It is, however, impossible to indicate with accuracy a 
good spot for boring in this direction. The best plan for examining the ground would 
be to put down a series of borings along a line running north-north-east from Korba at 
half mile intervals. 

Facilities for mining. — The dip of the seam where seen in the river, although con- 
siderable, is by no means so high as to be any impediment to mining beyond its effwt 
in rapidly increasing the depth of the seam below the surface. The sandstone above 

* In case of a railway bridsre being' ne<'«8«iary across the Ha sdo, Korba nppeara t4) be a more faTorahle 
spot than any other in the ncif^hbourhond, as the breadth of the river i8 moderate and a ronsidorable portion «»f thf 
chnnncl roeky. Forsevcial railcu alwve and below, the breadth is very much greater, and the bed a wide expana* 
of sand. 
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the coal is firm and mabsi ve, and will probably furnish a good roof. The coal appears 
compact, the joints or " backs" are rather irregokr, but still safBcientlj marked in general 
to facilitate mining. Some of the very best and brightest coal is as usual rather brittle, 
but the greater portion of the seam bears carriage well. This bright ooal, as I have 
mentioned, makes a yeiy fair coke, and in that state is far less brittle, besides being much 
lighter and consequently costing less for carriage. The cost of coking in ovens heated 
by waste coal would be very trifling. 

In consequence of the absence of bands of shale in the overlying sandstone, the 
quantity of water may be rather larger than usual, but in the small pits dug in the bed 
of the river the coal did not appear m general to l^ porous. 

In mining a seam of such thickness as this, especially where the proportion of good 
coal is large, if the roof prove as sound as will probably be the case, it will be an important 
economic question whether some more advantageous method of mining cannot be adopted than 
that of removing a small section of the seam, not exceeding twelve feet in height, bv *' long 
wall" or still worse by " post and stall," more especially as it is highly improb&le that the 
best bands of coal will be found for any distance on the same horizon, a most serious draw- 
back to mining on either of the two English systems mentioned. It would, however, 
be premaiure to enter into this subject at present, but the methods adopted for extracting 
the thick deposits of lignite or brown ooal found in parts of Germany are deserving of ^ 
attention. 

Conclusion. — I have endeavoured to show my reasons for the opinion I have formed as 
to the Korba coal. My conclusions are briefly, that both the quality and mode of occurrence 
are favorable. In thickness, in quality, and in the proportion of good coal to inferior coal 
ind shale, the seam surpasses that near Chanda. The question of the extent over which the 
coal extends must be ascertained by boring. 

Camp Kobba, { 
WkAprU imo, \ 

The following table gives the result of assay of the coals referred to in Mr. Blanford's 
report just given : — 



« 



1 

' Carbon. 

1 


Volatile. 


Ash. 


1 


Carbon. 


VoUtUe. , 


Aih. 


3S-7 


28-6 


347 


!^ 1 


464 


t 
28-6 ' 


9or 


45-8 


22-4 


81-8 


h ... 


67-6 


262 


17-8 


«3 ' 


26-2 


32-6 


\ \ lower 2 ft. • ... 


se-s 


29-6 


10- 


306 


24-6 


3«-8 


r . 
t 


46-6 


1 22-2 


81 -S 


47-8 


282 


24- 


ml **" "' 


o33 


27-2 


19-6 


32-8 

1 • 


2V4 


46-8 


1 , 

1 








— - . — 


— — . . 




_» . * - - 


" 


9M May 1870. 















DONATIONS TO MUSEUM. 

January Hh — Specimens of clay, limestone, and hydraulic cement made therefrom. — 

A. Lonsdale, l^sq., Moidmein. 
» \7ih, — Copper ore from Tunjee guard near Heran tee. Iron ore and a few minerals 

from Darjeeling. — Colonel Hauohton, Darjeeling. 
23r(/.--Copper and copper ore from Dalimkote.— Colonel Hauohton* 
30fA.— Specimens of ^ena from Kulu valley.— J. Calvbet, Esq., M. e. 
30M.— Ditto ditto from the Phansee Shan Co.— ,1. Andeebon, Esq., m. d. 
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Favbe, E. — Description des Mollusques Fossiles de la Craie des Environs de Lemberg, 4to.. 

Geneve, 1869. 

Gbbvaib, Paul. — Zoologie et Fal^ontologie G^n^rales, Parts 12 and 13, 4to., Paris, 

1869. 

OiLLON, Aug. — Cours de M^tallurgie g^n^rale r^dig^ sur les notes du cours fait 4 I'ecole. 

des Arts et Manufactures et des Mines, with Atlas, 8vo., Liege, 
1869. 
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« Mainz), 4to., Mainz, 1870. 

Lubbock, Sib JoHK. — Pre-Historic Times, as illustrated by Ancient Remains, and the 

Manners and Customs of Modem Savages, 2nd edition, 8vo., London, 
1869. 

MeuNiBB, M. S.— G^ologie Compart. Etude Mineralogique du fer Mdt^orique de Deesa, 

8vo., Paris, 1869. The Authob. 

OosTBB, W. A. — Petrifications Remarquables des Alpes Suisses,-le Corallien de Wimmi»,-avec 

une Introduction G^ologique p. Fischer Ooster, 4to., Geneve, 1869. 

Pettbbsbk, Kabl. — Geologiske Undersogelser i Tromse omegn i Aarene, 1866-67, 8vo., 

Thomdhjen, 1868. Univebbity of Chbistiania. 

PiCTBT, F. J. — Mat^riaux pour la Pal^ontologie suisse, 6th s^rie, Parts 4, 6, 4to, Geneve » 

1869. 

Po580N, A. T.— Traite de 1 exploitation des Mines de Houille, 2nd Edition, Vol. II, with 

Atlas, 8vo., London, 1868 ; Atlas, Royal FoL 

RosBif, F. B. — Ueber die Natur der stromatoporen und iiber die Erhaltung der Homfaser 

der Spongien im fossilen Zustande, 8vo., Dorpat, 1867. 

RuTHifBB, Dr» a. Von. — Aus Tirol Berg-und gletscher-Reisen in den osterreichischen 

Hochaipen, Neue Folge, 8vo., Wien, 1869. 

RiJTiMBTBB, Fbof. L. — Ueber Thal-und see-Bildung, Beitrage zum verstandniss der ober 

Flache der Schweiz, 8vo., Basel, 1869. 

Sexb, S. a. — Boiumbraeen* en JuiUet, 1868, 4to., Christiania, 1869. 

Ukiybbsitt of Chbistiania 

Smyth, R. B. — Gold Fields and Mineral Districts of Victoria, 4to., Melbourne, 1869. 

TscHEBM^K, Db. G. — Die Porphyrgesteine osterreichs aus der mitUeren Geologischen 

Epoche, 8vo., Wien, 1869. 

ZiBKBL, Db. F.— Untersuchungen iiber die mikroskopische zusammensetzung und structur 

der Basaltgesteine, 8vo., Bonn, 1870. 

Pbbiodicals, Ac. 
American Journal of Conchology, New Series, Vol. V, Pt. 2, 8to., Philadelphia, 1869. 
American Journal of Science and Arts, New Series, Vol. XL VIII, No. 143, 8vo., New Haven, 

1869; 

AddsIs and Magazine of Natural History, 4th Series, Vol. IV, No. 24, 1869 ; Vol. V, Nos. 26 

and 26, 1870, 8vo., London. 

Blochicavh, H.^Bibliotheca Indica, Ain-i-Akbari by Abul Fazl i'Mubariki i'Allami, 

New Series, No. 168, Fasc. IX, Part II, No. 1, 4to., Calcutta, 1869. 

Govt, of India. 

Geological Magazine, Vol. VI, No. 12, 1869; Vol. VII, Nos. 1 & 2, 1870, 8vo., London. 

Indian Annals of Medical Science, No. XXVI, 8vo., Calcutta, 1870. The £ditob. 

Indian Economist : a Monthly Journal devoted to Economic and Statistical Inquiries con- 
cerning India, Vol. I, No. 6, with Supplement, FoL, Calcutta, 1869. 

Govt, of India. 
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Title* of Books. Donors. 

Journal de Couchyliologie, 3ine s^rie, Vol. X, No. 1, 8vo., Paris, 1870. 

Lbonhabd, G., und Gbinitz, H. B.— Neues Jahrbuch fur Mineralogie, GMogie und Fal^n- 

tologie, Jahrgang, 1869, Yll, 870., Stutt^rt, 1869. 

PalfBontographica, Vol. XVII, Part 4, 4to., Casael, 1869. 

Pbtsbmavk, Db. a. — Geographiache Mittheilungen, Parts X, XI, XII, for 1869, Part I, for 

1870, 4to., Gotha. 

Pfeiffbb, Dr. L. — Malakozoologische Blatter, Vol. XVI, 9-12 Bog., 8vo., Cassel, 1870. 

Professional Papers on Indian En^neering, Vol. VII, No. 26, 8vo., Roorkee, 1870. 

Principal, THoiiAsoir Collbob, Boobesb. 

Quarterly Journal of Microscopical Science, New Series, No. XXXVII, 8vo., London, 1870. 

Quarterly Journal of Science, No. XXV, for January 1870, 8vo., London, 1870. 

Records of the Geological Survey of India, Vol. Ill, Pt. 1, 8vo., Calcutta, 1870. 

Geol. Subvbt of Ihdu. 

Revue de Texposition de 1867, Mines, M^tallurgie, &c, Vol. Ill, 8vo., Paris, 1869. 

Revue universelle des Mines de la M^tallurgie. &c., Tomes XXV et XXVI, Livraisons Sine 

et 6me, 8vo., Liege, 1869. 

RoMEB, Db. E.—Novitates Conchologicie, Suppl. Ill, Lief 20, 21, 4to., Cassel, 1869. 

Government Sblbctions, &c. (fbom the Gotbbnvbntb). 

Bengal. ~ Annual Report on the Administration of the Bengal Presidency for 1868-69, 8to., 

Calcutta, 1869. Gott. of Bengal. 

Report on the Administration of the Customs Department in the Bengal Presi- 
dency for the year 1868-69, Fls., Calcutta, 1869. Govt, of Bengal. 

Report on the Police of the Lower Provinces of the Beng^al Presidency for the 
year 1868, Vols. I, II, 8vo., Calcutte, 1869. Govt, of Bengal. 

,. Kurz's Report on the Vegetation of the Andaman Islands, accompanied by a 

Report on the Forests, with a Map, Fls., Calcutta, 1870. 

Govt, of Bengal. 

„ MuBRAT, Db. J. — Report on Vaccination Proceedings throughout the Goveminent 

of Bengal, with an Appendix for the year ending 31st Maidi 1869. 
Fls., Calcutta, 1869. Govt, of Bengal. 

„ Annual Report on the Convict Settlement of Port Blair for the year 1868-69, 8ro., 

Calcutta, 1869. Govt, of Bengal. 

General Report on the Revenue Survey Operations of the Bengal PresidencT. 
Upper Circle, for season 1868-69, Fls., Calcutta, 1870. 

Col. J. £. Gastbbll. 

Report on the Revenue Survey Operations of Lower Provinces of Bengal for 
season 1868-69, Fls., Calcutta, 1869. Col. D. C. Vanrenkii. 

British Bubmah.— (Home Department)— Report, on Civil Juatioe for 1868, Fls., Rangoon. 

1869. Chibf C0KMI88IONEB. 

(Home Department) — Report on Criminal Justice for 1868, Fls., 
Rangoon, 1869. Chief Comvissionkb. 

(Home Department) — Report on Hospitals and Dispensaries for 1868. 
8vo., Rangoon, 1870. Chief Commissioner. 

(Home Department, Sanitary) — Report on Pnhlic Health and Vital 
Statistics for 1868, 8vo., Rangoon, 1870. Chief Commissioner. 

(Foreign Department, General) — Administration Report for 1868-69, 
8vo., Rangoon, 1869. Chief Commissioner. 

(Financial Department) — Report on the Excise Department for 1868-69. 
8vo., Rangoon, 1870. Chief Commispionkr. 
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TStles of Books. Donors. 

Ihdia.— General Beport on the Topographical Surveys of India, and of the Surveyor 

General's Department, Head Quarter Establishment, for season 1868-69, 
Fls., Calcutta, 1870. Subveyob Genbbal of India. 

„ Beport on the Eevenue Survey Operations in British Burmah for season 1868-69^ 

Fls., Calcutta, 1869. Col. D. C. Vanbenen! 

N. W. Pbovikcbs. — Selections from the Becoi-ds of Government, N. W. P., 2nd Series 

Vol. Ill, No. 1, 8vo., Allahabad, 1870. Govt., N. W. Pbovikces! 
OuDH. — Selections from Becords. Indebtedness of Cultivators in Oudh, 8vo., Lucknow, 1868. 

Chief Commissionbb. 
Census of Oudh, Vol. I, General Beport : Vol. II, Appendices and Statistical Tables. 
Compiled by J. C. Williams, Fls., Lucknow, 1869. 

Chief Commissionbb. 
Punjab.— Selections from the B«cords of the Government of the Punjab and its Dependencies, 

No. VI, New Series, 8vo., Punjab, 1870. Govbbnmbnt of Punjab! 

„ Beports on the administration of the Puiyab and its Dependencies for the year 

1868-69, 8vo., Lahore, 1870. Govbbnment of Punjab. 

Beport on the administration of Criminal Justice in the Punjab and its Depend- 
encies during the year 1868, 4to., Lahore, 1869. Govt, of Punjab. 
„ Beport on Popular Education in the Punjab and its Dependencies for the vear 

1868-69, Fls., Lahore, 1869. Govt, of Punjab. 

Tbanbactions of Societies, &c. 
Amhbbst.— Bulletin of the Museum of Comparative Zoology, Nos. 7 to 13, 8vo., Cambridge, 

1868. Museum of Comp. Zool., Amhbbst! 

„ Annual Beport of the Trustees of the Museum of Comparative Zoology, toge- 

ther with the Beport of the Director, 1868, 8vo., Boston, 1869. 

Museum of Comp. Zool., Amhbbst. 
Bkhlik.— Zeitschrift for Bthnologie, Part V for 1869, Part I for 1870, 8vo., Berlin. 
Boston. — Memoira of the Boston Soc. of Natural History, (New Series), Vol. I, Part 4, 

4to., Boston, 1869. Boston Soc. of Nat. Hist. 

„ Proceedings of the Boston Soc. of Natural History, Vol. XII, Pages 1 — 272, 8vo.. 

Boston, 1868. Boston Soc. of Nat. Hist. 

CiLCUTTA.— Journal of the Asiatic Society of Bengal, Vol. XXXVIII, Pts. 1, 2 ; No. 4, for 

1869 ; Vol. XXXIX, R. 2, No. 1, for 1870, 8vo., Calcutta. 

The Society. 
Proceedings of the Asiatic Society of Bengal, No. 11, for 1869, Nos. 1, 2, 3, 
for 1870, 8vo., Calcutta, 1869. The Sociott! 

Beport of the Calcutta Public Library for 1869, (Pamphlet), 8vo., Calcutta, 1870. 

Tbustees, Cal. Pub. Libbaby! 
Colombo. — Journal of the Ceylon Branch of the Boy. As. Soc. of 1846, 8vo., Colombo, 1859. 

H. Nevill, Esq. 
Drxsdbn. — Sitzungs-Berichte der Naturwissenschaftlichen Gesellschaft Isis in Dresden 

Nos. 7-9, July, August, September, 1869, 8vo., Dresden, 1869. 

Gesells. Isib, Dbesden. 
Dublin. — Journal of the Boyal Geological Society of Ireland (New Series), Vol. II 

Part 2, 8vo., Dublin, 1869. The Society! 

Edinbuboh. — Transactions of the B<^al Scottish Society of Arts, Vol. VII, Parts 4 5 for 

1868 ; Vol. VIII, Part 1, for 1869, 8vo., Edinburgh. The Society. 
Plobbnce.— Bollettino Geologico dltalia, No. I, Anno 1870, 8vo. Ditto. 

KuNiGSBEBO. — Schriften der koniglichen physikalisch. okonomischen Gesellschafb zu Eon- 

igsberg, X, abtheil I, 4to., Konigsberg, 1869. 
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Titles of Books. Donors. 

London. — Journal of the Royal Asiatic Society of Great Britain and Ireland, Vol IV, 

Part I, New Series, 8vo., London, 1869. The Socibtt. 

Journal of the Soc. of Arts. Ac, Vol. XVII, Nos. 883—886: Vol XVIII. 
No8. 887—896, 8vo., London, 1869-1870. The Socibtt. 

Quarterly Journal of the Geological Society, Vol. XXV, Part 4, No. 100, 8vo., 
London, 1869. The Socibtt. 

Proceedings of the Royal Society, Vol. XVIII, No. 115, Svo., London, 1870. 

The Societt. 

Proceedings of the Royal Geographical Society, Vol. XIII, No. 6, Svo^ London. 
1869. The Socibtt. 

Proceedings of the Royal Institution of Great Britain, Vol. V, Parts 5, 6, 7, Svo., 
London, 1869. Royal Institution. 

List of the Members, Officers, and Professors of Royal Institution of Grett 
Britain, 8vo., London, 1869. Royal Institttioh. 

Moscow. — Bulletin de la Soci^t^ Imp^iiale des Naturalistes de Moscon, Ann^e, 1868, Vol. XLl. 

No. 4, Svo., MoBcou, 1869. Soc, Imferialb, Moscow. 

Paris.— Bulletin de la Soc. G^ologique de France, 2nd Series, Vol. XXVI, No. 3, 8to.. 

Paris, 1868 ^ 1869. The Societt. 

Philadelphia.— Journal of the Franklin Institute, 3rd Series, Vol. LVIII, Noe. 3, 4. Sra, 

Philadelphia, 1869. The iNSTiTmoy. 

Journal of the Acad, of Nat. Sciences of Philadelphia, New Series, Vol. VT. 
Part 3, 4to., Philadelphia, 1869. The Acadsvt. 

Proceedings of the Acad, of Nat. Sciences of Philadelphia, Nos. 1-6, from . 
January to Decemher 1868, 8vo., Philadelphia, 1868. 

The Acadbmt. 

Proceedings of the American Philosophical Society, Vol. X, No. 78 for 
1867, No. 79 for 1868, 8vo., Philadelphia. The Socibh. 

Pobtland. — Proceedings of the Portland Society of Natural History, Vol. I, Part 1 for 

1862, Part 2 for 1869, 8vo., Portland. 

Pobtland Soc. of Nat. Hist. 

„ Reports of the Commissioners of Fisheries of the State of Maine for the yor 

1867 & 1868, 8vo., Augusta, 1869. Pobtland Soc. of Nat. Hist. 

Salem. — Proceedings of the Essex Institute, Vol. V, Nos. 7, 8, 8vo., Salem, 1868. 

Essex Iitstitutb. 

Memoirs of the Peabody Academy of Science, Vol. I, No. 1, 8vo., Salem, 1869. 

Pbabody Academy of Science. 

The American Naturalist, VoL II, Nos. 1-12, from March 1868 to February 1869, 

8vo., Salem. Pbabodt Academy of Scisyci. 

St. Petebsbubg.— Bulletin de I'Acad^mie Imperiale des Sciences de St Petersburg, Vol. IIT, 

No. 2, 4to., St. Petersburg, 1869. 

Tobonto.— Canadian Journal, Vol. XII, No. 4, 8vo., Toronto. 1869. Canadian Institute. 

Washington. — Report of the National Academy of Sciences, 1st Session for 1866, 2nd 

Session for 1867, Svo., Washington. 

National Acad, of Sciences. 

Annual Report of the Board of Regents of the Smithsonian Institution for 
the year 1867, 8vo., Washington, 1868. The Institution. 
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Maps. 
RoEMEB.— Geognostische Karte von ober-Schlesion Blatt. 1 & 4, Namslau, Brieg. Berlin. 
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Ths MoHPAiri CoAL-FiBLD, by H. B. Mbdlicott, M. A., F. G. S., Depaty Snperm- 

tendent. Geological Survey of India. 

Sketch-map of 1859. — ^Any one who has examined with attention the aketch-map 
of the middle NtaMii region, published in 1859 by the Geological Survey of India, must 
have noticed how few actual coal-crops are marked in the large area colored as possibly 
ooal-bearing ; and more especially, how very partially those outcrops are distributed in that 
area. With the exception of Mohpani, and the less known case near Lokartalai, all the 
observed coal-localities occur close to the south border of the basin of stratified rocks, far 
from the Karbad& valley, on the south tributaries of the Upper Tawa and in the valley of 
the Pench river. A reference to the index of colours on the aketch-map, and to the 
descriptive text (YoL II., Mem., Geological Survey, India,) would surest possible explana- 
tions of these peculiarities : two groups or formations, the Damiida and ^e Talchir, are mapped 
under one colour. It was known at the time (see. p. 149, etc.) that the coal is confined 
to the upper group ; but the demarcation between the two is very obscure in this region, 
and it would have oeen at that time impracticable to have undertaken to separate them, 
as no sufficiently accurate map of the country was to be had. Another possible explanation 
of the anomalous distribution to which I nave drawn attention is suggested by the some- 
what doubtful boundary between the Damtida group and the overlying stxata of the 
Mahad^va series, as notioed at page 191 and elsewhere — ^the possibility that some of the 
latter may have been locally included with the former, thus unduly enlarging the apparent 
uea of the coal-bearing rocks. 

It has long been the desire of the Superintendent of the Geological Survey to clear op 
all these known doubts, more especially witn reference to the very pressing question of the 
cosl-flupply to the railway that now passes close alons the northern margin of this area. The 
mnch inerei»ed knowledge of all these rocks that nas been attained within the last few 
Tears will greatly facilitote the final separation of the gx^^s t &i^d thus definite information 
will be available for the guidance of mining experiments. The detailed topographical survey 
of this region ia now nesurly completed ; and proof copies before publication of some of the 
sheets having been obligingly supplied from the Surveyor General's Office, the revision of 
the geological work was commenced in November last. It will be some time before the 
detaibd examination of so large an area can be completed ; but some definite results have 
been already obtained, bearing very importantly upon the question of the coal-supply and the 
proper drrection for fturther mming explorations. 

Alterationa to be made, — To any who have not applied the necessary reservationa to 
the indications of the sketch-man, ike present information will be somewhat disappointing. 
It is still to be expected that coal will be found where it is not now known ; but observations 
laade this year greatly reduce the area to which such hopes can be applied with any con- 
fidence ; the negative indications of the sketch-map have been substantiated by the verifica- 
tion of the surmises that have just been pointed out regarding them. The case may be very 
briery stated, and easily andmtood by a reference to the old map : the whole of the 
Bhddhi valley, and all the valley of &e Denwa (or Deor) north of the Pachmari raoi^ 
are formed of rocks belonging to the Mahad^va series,* in which there is no prospect what- 
ever of coal ; although it may occur beneath them. A note on the sketoh-map indicates the 



* In the report onder notiot the nftme Mahad^va ia uaed aa that of a tAnt^e gnmp ; bat recent toTestiffaitioM 
DCTe and tbewfaere i«nd to show that it comprises several (groups, for which collocttY<djr the oame maj perhaps ba 
'etataed. U would be out of place to diacoas the qacstiou b the present report. 
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doubta that were entertained regarding the Deor valley. To the soath of the Pw^mari 
range, inclading a large portion of the plain of the Tawa, the roc^, although belonging to 
the Damdda Beries, are certainly higher than the true ooal-bearing group of this part of 
India ; they are tiiroughout more or leea carbonaceous, and contain the Daznuda fossil 
plants ; and there is therefore always a chance of coal occurring in them, as will be fully 
tested by the detailed survey ; but every distinct indication of coal at present known 
throughout the entire region (with the exception of a poor Mahad^va coal to be noticed 
presently) is referrible to a thin band at the base of these rocks, immediately overlying the 
Tidchir group, and outcropping near the margin of the basin, ae indicated on the skeftch-map. 
This restriction of the apparentlv large area of the coal-bearinff rocks brings into ^r^tter 
importance the limited fields tnat are known, and sug^ts ue dose search for suuikr 
smiall outcrops of the measures along the edge of the bi^m. 

The Mohptmi field. — ^The wide separation, by intervening barren ( coal-less ) rocks, of 
the several localities where coal appears at the sur&oe within the large area hitherto ^nerally 
referred to in this connection an the KarbadiL ooal-basin necessitates the recognition of 
as many distinct coal-fields. (X these, the Mohpani field is at present by &r the most 
important, on account of its accessible position, and because the value of the seams has been 
proved by actual mining. It is situated at the south edge of the Narbadi plains, twelve miles &om 
the Great Indian Peninsula Bailway at Grarrarwarra, and is traversed by the Sitariva riTer, 
in which the entire section is exposed, in a length of about a mile and a half. On the south 
the measures are buried beneath lofty hills of younger rocks ; and on the east* from the sb^ 
bend of the river, the field is rapidly cut off by an overlap of those same strata. To iht 
west the extent of the field is very obscure and doubtful : mr seven miles from the Sitanv& 
the eround is very much covered, the talus &om the ridge to the south of the measures being 
confluent with the superficial deposits of the pluns, so tnat only a few small and uncertain 
outcrops can be seen. A little nirther west, however, in the Dhanjhor, a complete section h 
obtained up to the metamorphic rocks at the edge of the basin ; and the cosu- measures are 
there altogether covered and overlapped, the whole ground being occupied by the younger 
rocks. Thus the possible limits of uie field as appearing at the simace are very restricted; 
and we have no certain knowledge of it beyond the much smaller area bordering the Sitarifa. 
A description of this locality wiQ be the best guide to the experimental investigation- of the 
rest and of the possible extension of the field by working the measures through overiying 
formatdons. The accompanying map, copied from the new Bevenue Survey sheets, is not on a 
sufficiently large scale to express on it the detail that would be desirable u>r such a pnrpoaje; 
but it will at least make the case intelligible : the little map on the one inch to the mile 
scale shows all that is visible of the coal-measures in this field ; the larger map shows the 
area over which the measures may outcrop ; beyond that area they must l^ sought thxoogb 
' other rooks. 

ActuaX observations very ^M»f fee?.— Although it is now several years since mming was 
commenced by the Narbadd Company, very little has been done to explore the field ; im tlie 
workings are on one spot dose to the outcrop in the river. Two or three borings were made in 
the immediate neigh oourhood, but without cutting the coal, as will be accounted for presentiy. 
The Sitariva Company have been too busy opening their pits, dose upon the northern oat- 
crop in tlie river, to have had time for further explorations. Thus, for a description of tl^ 
field and its extent there is little more data than that avfdlable from the natural outcrops 
The ex;tent of this information and of the field as at nres^it known may be judged from tbe 
statement that one square mile would very nearly include all the localities where coal is visi- 
ble ; and fully one-half of that square mile is occupied by rocks below the coal-measnxea. It 
may indeed be confidently expected that the ooal exists and can be followed over a much 
larger area ; but it needs no more at present to show how impossible it would be to arrive a£ 
a correct estimate of the extent or value of the field until Airther trials have been made. 

Formations : — There are three formations to be considered : the Mahad^va series, the 
Badkkar group (or the coal-measures), and the Talchir group ; besides trap-rock, n[letaI]la^ 
phic rocks, and the superficial clays and gravels, or * wash-drin' : -« 

^ Mahaddva Series, — ^The Mahad^va seriea is of great thickness, and comprises a lai^^ 
variety of rocks ; but as here exposed, at and near me contact with the coal-measures, h 
maintains very ccmstant characters, being formed of massive coarse conglomerates^ sandy or 
earthy, and generally more or less rusty ; with these are fireely but capriciously associat«>d 
beds of deep red clay sometimes mottled and calcareous, or even with nodular layers of lime- 
stone. Courses of rusty sandstone are comparatively rare here. These rocks form the ba^sc 
of the lofty ridge of Nimugarh, as well as the smaller hills bounding the field on the cast ; 
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aDd thej are the last rocks seen at tlie noiih end of the section in the river. On the tops of 
the hiUs, and generally at a distance from the edge^ of the hasin, the Mahad^va formation 
is largely composed of sandstones aboTe, associated with earthy beds below. 

Makctdioa coal, — ^It is important to notice here the coal that occors in this formation. 
Mnch labor and expense have already been devoted to it ; and I am aware that hopes are still 
entertained of it by intending speculators. Without wishing to deter men finally from 
exploring what may possibly in some local instance turn ont a good thing, it is bat right that 
all should be informed of what is known regarding it. Many thousand maonds of this 
coal were cut by Mr. Walker, contractor for Sbe Narbadi briclgeb at Lam^ta ehat on the 
Narbada, and profitably used for lime and brick-burning. Some was also extracted on the Sher 
river near Senora. The same coal has been examined in many other places, as in the 
Mahanudi, to the north-east of Jabalpiir ; in the Hard river, a tributary of the Sakkur ; 
on the flanks of Nimiigarh, south of Mohpani. Many years ago this coal was out in 
sinkin^^ a well within the station of Jabalpdr. Its characters are everywhere the same,-— 
a bright jetty liCTite-coal, disseminated in threads more or less abun&ntiy in thick shale 
and sandstone ; ^e proportion of coal is exceedingly variable, and, except in rare cases, 
altogether too small for use. In the nearly continuous rock-seotion in the Sher and Machariva 
riven, this coal is exposed ten or twelve times in a length of as many miles, without any 
change of character, and offering lio encouragement to any attempt at mining. It certainly 
would not bear transport or keeping ; and the most that can ever m expected of it is for local 
086 ibr rough purposes. 

To one who is not familiar with the characters of these formations, and accustcnned to 
discriminate between varieties of similar rocks, this Mahad^va coal-band might readilv pass 
for the true coal-measures, as it often occupies an analogous physical position at the edge of 
the plains. The simplest criterion is the coal itself^ which is quite unlike the Dam]&da 
(Barakar) coal. Although found in so many distant localities, tne coal-band is certainly 
not a constant member of the series ; nor is it even likely that all the known seams are 
on the same horizon in the series. 

JBardkar arowp, — ^The Bar4kar group is not more than 600 to 600 feet thioki com* 
posed of strouff Mds of gray and white felspathio sandstone, alternating near the top with 
carbonaceous shales and coal-beds. Wherever the section is exposed in the neighbourhood 
of the Sitariva, tiiese beds are foand close beneath the bottom red days or conglomerates of 
the Mahad^vas. 

Talchir group, — ^The Talchir group is typically characterised by beds of fine greenish 
nit, or silicious clay and sandstones, in either or both of which pebbles and boulders, often 
of lar^ size, are thinlv scattered. The fine earthy sandstones pass up by imperceptible 
gradation into the Barakar rock, so that the boundaty between them, in the absence of 
characteristic fossils, must often be arbitrarily assigned. These rocks occupy a large spaco 
between the north and south outcrops of the coal-measures on tlie Sitariva. 

Structure of the rocks. — The general section (see fi^re) north and south across the field 
will illustrate the relations of the rock-groups and explain the present structure. There is no 
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^<^ ' General section Drom south to nortli, across the Mohpani coal-field. 
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Scalff, 9 inehss = 1 mile, a, U ahad^Ts : I, coal-measures : ^ Talchir : d, metamorphio. 
Thfr^dotted lines indicate the probable mode of extinction of the coal-measoros to the north. 
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other locality known where the oool-uunsareB are so much broken as in tiuA fidd. In the 
section of f£e Sitariva, the general character of the disturbance is a normal anticliiial flexaie, 
having moderate dips on the south, but rising to the vertical on the north side of the axis; 
the laist rock seen next the superficial gravels of the plains being vertical beds of the ooarse 
Mahad^va conglomerate. There are numerous minor contortions and dips that are not 
attempted to be represented in the figure. In an easterly direction from tne river, the con- 
tortion dies out rapidly ; the vertical seams of the northern outcrop flatten and bend southwards, 
passing round into continuation with the measures on the south of the flexure. The 
Taichirs are thus covered up at the surface ; and, on the other hand, the Mahad^vas stretch 
eontinuously to the edge of the plains ; at Pnkuhi thoy still have a low south-easterly dip, 
but soon become quite horizontal. In a westerly direction the main feature of the dis- 
turbance seems to continue for some distance, as is shown by the steady south-south-east 
dip of the conglomerate along the base of the Nimtigarh ridge ; but this regularity does 
not obtain along the axis of the flexure, as is shown by the few outcrops iSai are visible 
to the north of the ndse. At the west base of the outlying hill of trap near Mohpani, in 
fibout the position of the axis of the anticlinal, the coal-measure strata have a steady low 
easterly dip. This irregularity greatly complicates the attempt to search for such outlying 
masses of the coal-measures as may exist beneath the superficial gravels at the foot of 
the hills. 

T^p-rock. — Trap-rock forms an important consideration in he valuation of this field. 
It occurs both in dykes and in overlying masses, but is all of the same deeoripti<MEi, — a dense 
basaltio rock ; and, as far as present evidence goes, it may be all of the same age. There are 
tiii^e great dykes in the Siteriva : the first is at the very northern edge of the rock-section ; 
it is about twenty yards wide, running through the Mahad^va conglomerate very nearly 
along tiie verticai bedding, with a strike of 5° south of west, and a slight southerly 
underlie. The second dyke is in the Talchirs, obliqae to the bedding, some fifteen yards 
wide, with a strike to 20° north of west, and a slight southerly underlie. The third is 
also in the Talchirs, about twenty yards wide, running nearly due east and west, and with 
a very slight southerly underlie. Although all these are remarkably steady for the short 
le&gtn seen in the river banks, they oertamly do not oontinQe so, as a rule, for any distance. 
It IS probable that No. I represents, or is eyen continuoua with, the strong dyke that is 
found at or near the base of the hills to the eastwards ; but its course must be more or less 
tortuous. At three miles to the east, in the riyer^s bank just above Dongarkho, there is a very 
pretty section showing how suddenly these trap dykes may stop out on the rise : at the 
water's edge the dyke is some twenty yards wide, and all trap ; at a height of fifteen feet there 
is hardly a trace of it to be found, the whole having split up and rapidly thinned out 
between thick wedges of the overlying massive conglomerate. The dyke No. 3 presents another 
case of irregularity ; if it continued the course which it has in the river, it must have appeared 
in the upper workings of the Narbadd Company's colliery; but the coal there is totally 
unaffected by trap. Indeed, it is strange that where trap is so abundant none has been met 
with as yet m any of the pits, small though these are. There is no doubt, however, Uiat this 
Todc will yet prove troublesome in working the field. Where the coal-outcrop is exposed in 
the stream beyond the ridge north of the colliery, trap is in force close by, and must greatly 
affect the coal there. 

There are three patches of overlying trap, apparently remnants of a once extensive 
spread. The detached hill half a mile to south-west of Mohpani is all trap ; on the north 
and east this rock reaches down to the level of the plain ; on the south-east Talchir rocks 
are found close to the base; and on the west side Barakar beds are well exposed to a 
height of some fifty feet. The trap near Kaklaur and Pipurea scarcely appears above the 
general level of the plain. 

Connearion of the measures on the north and south, — ^Notwithstanding some slight differ- 
ences in the details of the sections, and the very marked difference in the quality of the coal, 
there can be no doubt that the measures worked by the Sitariva Company in the vertical seams 
on the north are the same as the less troubled beds of the Narbad4 Company on the south. 
There are three or four seams at the southern outcrop, and but two at the northern ; and 
the associated beds do not exactly correspond in the two localities (there are some earthy 
beds above the coal on the north that are not found in the southern section) ; but these 
differences would come well within the known limits of variability of these deposits ; and 
the position of the measures in the general section, with respect to the Mahad^vas above and 
the Talchirs below, is precisely the same in both localities. There is, besides, the direct 
evidence of continuity ; the ground is too covered to show quite an unbroken s^on, but 
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obtervfttionB ai^ doee enough to leave no doubt on tiie point. The ohange in the quality 
of the coal is qoite in acooidanoe with the crushed condition of the strata. The coal from 
the Tertical seams is friable and dusty, and bums witiiout smoke, all the bituminous matter 
having apparently been extracted from it ; it is consequently slow to ignite, but has strong heat- 
ing power ; the coal in its normal state at the Narbadi Company's mines has the usu^ oom« 
position of Indian coals ; the subjoined analyses made by Mr. Tween exhilnt the change :•— 
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The Sitariva Company have sunk a shall on the mdn vertical east-west seam to a depth 
of seventy feet, without any change, save a slight tendency to assume a northerly underlie. 
They have a shaft on the same coal about 200 yards off on the east side of the river, where the 
seam has already lowered to a dip of 05^ to north-north-east. The Narbad4 Company's 
collieries are in a corresponding position on the flat side of the flexure, at the south-east 
angle, where the strata are bendm^ round the point of the anticlinal ; and the galleries bring 
to sight many minor features of £sturbance that could not be detected at the surface. Small 
as are the workings (the most extensive is about 400 feet long by 150 broad), they are on 
all sides stopped out against faults ; it is true that none of tiiese seem to have any great 
throw ; bnt their frequency, and the crushing of the coal that attend them, is a serious 
obstacle and loss. It is to be expected that uie coal that exists between the two present 
coUieries is at least as troubled as that seen in the Narbadi Company's pits, probably more so. 

Rough estimate of the field so far as proved. — Any estimate of the available coal-supply 
in this re^on must be affected bv two considerations that do not present themselves in otner 
Indian coaUflelds : these are, the frequent high dip of the seam, and the fact that almost at 
all points thick overlving rocks rise into hills of considerable heij^ht dose above the out- 
crop of the coal. Both these conditions will involve the necessity of deeper mining than 
has yet been attempted in India ; in many places here they would restrict the mining to what 
can be obtained from shafts or galleries on or near the outcrop. Applying this rule to 
the known length of outcrop in the Mohpani neighbourhood, we may arrive at an approximate 
estimate of the coal from existing data : it may be said that there are about two miles of 
known outcrop, the coal being obscurely visible at the surface at several spots along the 
curved Kne between the two collieries, hut its thickness or its quality in that position h<u 
not been tried. Assuming it to maintain a mean thickness of workable coal between the 
aggregates at the two collieries, say twenty-five feet, at the rate of 1,000 tons per foot of 
thickness per acre of seam, we should have 400,000 tons for every sixty-six feet down the seam 
along the wiiole length of two miles. As in many places the seam may be followed for 
many hundred feet, it is apparent that, without any very unwarrantable assumption, we may 
count upon a large supply of cool for many years to come. 

Probable further extension of the field, — ^It is, as I have sud, unfair to the field to pass 
an estimate upon it f^m the very insufficient information at present available ; there is much 
hope that the coal will be found far beyond the limits taken in the estimate just gi^^n. I 
wih now attempt to indicate the directions in which an extension may be sought. There are 
four considerations involved in a judgment : what may have been the original extent of the 
basin of deposition ; how far the Bar&kar group ever extended in that basin ; how far the 
eoal may have been co-extensive with the group ; and whether any portion of the group, 
and hence of the coal which is its uppermost member, had been broken up and destroyed 
before the Mahad^va deposits suoceedeu. 
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The first queetion affects the important point of the possible northern extension d the 
coal-measures beneath the plains : for seyeral miles to east and west of the SitariTa no rack 
is seen to the north of the sedimentary series ; and although the front here presented by these 
rocks is well up to the line of the general run of the metamorphic rocks bounding the basiii 
at some distance to the north-north-east and west-souili-west, there would be nouiing forced 
in supposing that there was originallj here a curve or bay in that boundary ; the appeannoe 
here or rocks (the coal-measures) not seen elsewhere in corresponding positions might even 
suggest such a view. The questions will not, of course, be left to conjecture, but as it is 
desirable to proceed at first in the most promising direction, I would express my opinion that 
the measures do not extend northwards to any distance beyond the present known limits : 
such extreme disturbance of the strata as is seen in the Siteuriva Company's collieries is not 
known to occur except dose to the contact with the hard boundary rocks ; a second reason is, 
that the massiye coarse conglomerates of the Mahad^ya series only occur dose to tibe original 
rock-boundary, rapidly thinning out as they recede from that boundary ; but here we find tiiem 
in full force. In the figured section I haye represented what I conceiye to be the character 
of the section to the north of the present boundary with the superficial deposits. 

The second and third considerations are much alike, and neither can be said to be 
altogether favorable ; the Bar4kar coal is sometimes capricious in its development^ as is corrO' 
borated by the beds here, the four seams of the Nar oadi Company's pits being reduced to 
two at the Sitariva Company's mines ; but certainly there is here no special ground for dis- 
couragement on this score. The occurrence of the formation itself is more open to doubt; 
it certainly is not co-extensive with the Mahad^va rocks ; at many points along this 
boundary the latter are found lasting upon the metamorphics, without any interrening 
representative of the older groups. TdIb chance of ^ure is most likely to take effect in 
trials along the outer margin of the hiUs ; but there is dedded ground for hope that in a 
southerly £rection, as far as they can be followed, the coal-measures will continue steady. 

The fourth consideration is a very important one : if the Bar&kar group had been to 
any extent denuded before the deposition of the strata that now cover it, an indete^ 
minate source of error would be introduced that might frustrate the most judicious 
calculations. This condition, so far as is known, is favorable: the Mahad^vas haTe 
been subjected to the same disturbance as the coal measures, and wherever the section is 
visible, the top measures are found in place. There is even some evidence (though insnfB- 
cient) to suggest a closer relation : thus, at the Sitariva mines the top beds of the measures axe 
euihy, ana so are the bottom Mahad^vas ; while in the southern section of the boundaxy 
in the river the rusty sandstone over the coal is not unlike the sandv base of the overlying 
Mahad^va conglomerate ; this assimilation takes place within a thickness of a few feeC ^ 
does not seriously affect the position of the boundary. At the same time, at some points 
of this river section, there are appearances of the measures striking obliquely against the 
conglomerate ; but this may well oe due to one of the many smau &ults that trouble the 
strata in this locality. There are also some strong general considerations to suggest dedded 
unconformability at this boundary, but they are too vague to be discussed here. 

Extension eastwards, — It may be inferred firom what has been said tiiat my best 
hope for the field is in following the seams southwards ; but there are other prospects worth 
investigation. A bore is now oeing sunk by my recommendation near Pukuhi, the most 
north-easterly point at which the measures come to the surface: the Bar&kar sandstone 
appears immediately beneath the red days, both bavins a south-south-easterly dip of 
about 20^. The result of this trial will give the best indication for further explorations 
in the covered ground to north and east. The NarbadA Company's workings under the 
river in the top seam are beneath the conglomerate. 

Westwards f on the flat grownd, — ^As for the prospects in the low groond west of Mohpani 
there is really nothing to guide one, the rocks in that direction being indefinxtehr tossed 
about, denuded, and now covered by gravd and clay. The vertical seam worked by the 
Sitariva Company very soon passes under the deep alluvial clay ; and there is no conjecturing 
what becomes of it : it can at least be said that there is no prospect whatever of the coal or 
its position being better in that direction. The Talchir rocks certainly reach for some dis- 
tance to west of the Sitariva ; they are seen close to the east base of the Mohpani trap-hilL 
On the west base cf the same hiU, the Bar&kar sandstone is well exposed, dipping under the 
trap ; but it would seem that the upper portion containing the coal-measures has been removed 
either by the trap or previous to its outflow. Half a mue to west of this, there is another 
flat outcrop of sandstone, either Damtida or Talchir. In the stream half a mile east of 
Manigaon village, there is a small section of sandstone,, clay and a lumpy limestone, that 
may be either Tedchir or Mahaddva. The largest exposure of rock in ttus flat ground is 
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just south of Kakkor, wliene MndstoiMi ham been extensively qfoanried in kmg trendieB : 
they are fine-grained, nale, flartby flaggy sandatoneB with shaly partings ; some axe Yeiy 
regularly iipple-maTkea« and all haye a sleai^ dip of 15° to sooth; they seemed to me 
most like Upper IMchirs, bat at one point next ilie trap south-east of KaUanr, Ihere is a 
tliick, black, earthy rock, like a carbonaceona shale, ahwed vj the igneous rock with ndiich 
it is in contact. These few obeerrationa, whidi axe all that I could discover in the flat 
groand between M<4ipani and Khahi, where the metamor^uc rocks ^pear in force, may serve 
to show how very precarious the search for coal moat be in that area. 

Southwards and wetiioards along base of ridge, — I would recommend, therefore, that 
eveiT endeavour be at present directed to following the run of tJie coal-measures along tiie base 
of the ridge, where they must appear if they exist at all ; and for some little £stanoe at 
least, very positive directions can be ^ven to gmde the search. As has been already remarked, 
the coal in this field, wherever it is seen, occurs within a few yards of the base of the easily 
distinguished Mahad^va rocks. For a short distance, this character may be taken as a clue ; 
bat as the ridge is oblique to the boundarv, and thus recedes from it wesbrards, the Mahad^vas 
alter; sandstones and pale clays take the place of the coarse conglomerate at tiie base 
of the series ; so that it becomes very difBcult indeed to fix i^e boundary of the two for- 
mations where the sections are poor. The last place where this boundary is well seen is in 
the stream immediately west of Bainar village, where the oonfi^lomemte rests upon some 
sixty feet of sandstone, below whieh the section ceases. A trial daft is now bong sunk here, 
at my recommendation, by the Sitariva Company. For several miles to w&Kt of this, 
I only found one spot, on the east side of the recess south of Richai, where rock is visible 
bdow the conglomerate. South of TCaklanr I could not pronounce positively on the 
position of the rocks that are obscurely seen at the base of the ridge. For a mile from 
Uie base of the ridge in the Khaiii stream, there is a fiair section of the new bottom 
Hahad^va strata, pue greeniah brown and mottled red clays with sandstones, having a 
variable dip. It ia presumable that the outcrop of the ooal-measures (if tJiey have not 
thinned out and been overkpped) passes* between EaUanr and the base of the range, 
towards the metamorphio rocks south-wiast of Khadxl The safe way to settle the point 
will be to follow the sfarike by shallow pits or borings westwards from Bainar. 

Evidence as to southward extension, — ^An idea seems to have obtuned that the coal 
does not exist beneath the Mahad^va rocks to the south, or at least that it is out of reach. 
This opinion appears to have been started by Mr. Blackwell, the mining engineer who selected 
the ground for the Narbad& Company : in a section drawn by him on the map of the 




along his fault has no existence. It is rather in that southerly 
hope the coal may be most favourably worked, as being probably steadier, less affected by 
fiuilts and trap-dykes. The faot» however, remains to be proved. The Narbadd Company 
put down a bore (No. 2) to a depth of 256 feet on the flat ground of Mulpi village 
1,100 feet from the boundary, in a south-easterly direction from bend of river, and south 
of the run of Mr. Blackwell's fault. The bore only passed through conglomerate and red 
ckys ; but taking the most favourable view of the case, — supposing there to & no faulting what- 
ever, and no thickening of the upper rocks, — the bore stopped just short of the measures. An 
average of several dips, taken in the conglomerate at the boundary, gives 15° ; at 400 yards 
up the river it has flattened to 6°, which would reduce the mean to 13°5', in which case the 
measures would be 266 feet deep at the bore in question. Another bore was put down to a 
considerable depth at the edge of the river below the bend ; but this of course was a failure, 
heingvisibly below all the coal, every inch of the section being well exposed in the river close 
by. The best means of immediately testing the southern extension of tne measures is from a 
shaft (No. 2) that was sunk to a depth of 143 feet close to the bend of the river on left bank. 
After passing through twenty-eight feet of surface gravel and forty-seven feet of conglomerate 
and red clay, the measures were reached, and coal was cut at the bottom. Unfortunately at this 
point the water made so &st that the work had to be stopped. The finding coal beneath the 
conglomerate does not finally settle the question of a great fiftult here, the pit being so 
near the boundary ; and I was informed by Mr. Taylor, the very intelQgent miner who 
had charge of the works at the time, that in the upper part of the shaft, and altogether 
in MahadiSvas, the strata were cut bv a fault having a steep southerly underlie ; there was 
no means of gauging the amount of throw. The feature is now concealed by the casing of 
the shaft. VVhere small faults are so frequent, as in the mines close by, there is really no- 
thing especially discouraging in finding one here; it is probably no greater than those 
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already known ; and it may be hoped that tiie measures will lapidhr assume a steady low 
dip, oonformable to that obseryed in the overlyinff Mahad^vas. I have mgenUy recom- 
mended that the seam at the foot of this shaft be followed out southwards, and snjr fault- 
ground be thoroughly explored. Machinerjr is being put un to drain the shaft* The diffi- 
culty of unwatering mines in this position is one that must be anticipated : at the base of s 
high ridge, haying a trough-shaped arrangement of the strata, a heavy dischaige of water 
seems inevitable ; it is possible that the excessive discharge in this particular shaft may be 
increased by the proximity of a deep pool in the river just above. 

The tame indications applicable to other localiiiee, — ^The indications I have here ffiven 
to guide in the exploration of the Mohpani field ought to be of service in the seaicn for 
other fields along the margin of the basin : thus, in the gorge south of Fattehpur, near 
Bunkheri railway station, the conglomerate laps round the west end of the ridge of metamor* 
phic rocks, the east end of which is at Khairi ; a short way up, the river bifurcates ; and I'ast 
above this there is a small patch of the Talchir boulder bed, surrounded by the Mahaaen 
conglomerate ; it is possible, though not very likely, as this is the lowest level, that oatcrops 
of Sie Damudas might be founa in the neighbourhood ; and similarly elsewhere. It is to 
settle such points that the detailed survey is so much needed ; meanwhile the indications 
I have given may be of service to independent explorers. 

I cannot conclude this report without an expression of regret at the obstmciioBs 
that are being raised to the development of the Mohpani coal-field. Several years ago 
mining was commenced with the intention of having the works well opened so as to 
be in a state to turn out a large supply of coal by the time the railway should be 
finished; all prospects of profit being necessarily dependent upon that event. The com- 
pletion of the railway was repeatedly postponed year after year, the mining establishment 
and plant being necessarily maintained all Uie time. And now that the main line is opened, 
and there is a prospect of a return for the outlay on the mines, numerous delays and 
objections are made to the construction of the short branch line, without which the mines 
cannot be worked. Questions ere stiU raised as to the relative (juaHty of the coal ; npon 
which point all reasonable doubt has been long since settled ; for it may be safely asserted 
that a Large portion of the coal now consumed over the East Indian Baifwajr line is no better 
than the Mohpani coaL For the Jabalpur line, and even so far as Kami junction, the 
Mohpani coal could undersell the Bengal coal, and a considerable saving be made in the 
railway expenditure. Questions of separate accounts and the desire to show profits on one 
side or other ought not to bo allowed to lead to the public being heavy losers. 

let May 1870. 
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Thbo. W. H. Huohbs, F. Q. S., Assoc. Boy. School of Mines, Geological Sanrej 
of India. 

In April last, Mr. Olpherts, Besident Engineer on the Jabalptir line of railvray, 
announced in a letter addressed to Mr. W. B. Jones, the Deputy Commissioner of Jabalpur, 
that he had discovered indications of copper ore about three miles north of the Slimanab^d 
railway station, and expressed a hope that the matter might be further investigated. 

Discovery of copper and lead, — Mr Olpherts' attention was first drawn to iliis subject 
by noticing some copper stains on the foundation « rock of one of the piers for a railway 
bridge. After making known this discovery, he noted the strike of what he coDsidere<i 
the mm2s, and pursuing his researches to the west of the line of railway hit upon another 
locality — about two miles from the railway station of Sliman4b4d, and a little off the main 
road leading to the town, which yielded an ore of lead (galena). 

I visited this latter spot accompanied by my colleague, Mr. Fedden. 

There was very little to be seen, merely a small ridge of qnartzite rock, about eight feet 
in height, forty feet or so in breadth, and a rew yards in length, throughout a narrow band 
of which galena (Ph. S.) was sparsedly distributed, with here and there a little copper pyrites. 

StrcUigraphical relation of ridge, — A very important point to determine was the 
stratigraphical relation of this ridge. It did not strike either mj colleague or myself that 
it was a lode, but rather a component bed of the geological series which occurs at Slimanabad. 
The ridge is made up of quartzite, and not of vein quartz ; and though many of the hand 
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specimens which I brought away, and othen that were in Mr. Olpherts' possession, might 
possibly convey the idea uiat the ore existed in a lode, snch a misapprehension wonld arise 
only from the examination of small pieces of the matrix. 

The dip of the bedding is rather obscnre, bat its direction appears to be 45° south of east. 
There are planes of jointing striking 20° north of west and inclined at an angle of 75° 
in a southerly direction. 

The strike of the beds is north-east — south-west ; so that if this line were followed up, 
we should most probably find a connection between the two localities where lead and copper 
ore have been respectively found. 

Description of ore. — The ore of lead is galena, a combination of lead and sulphur with 
a certain proportion of silver. An assay made by Mr. Tween in the Office of the Ueological 
Survey proved the ore to contain 19 oz. 12 dwts. of silver to the ton of lead. The ore of 
copper is pyrites, which is usually a combination of copper, iron, and sulphur. 

At the locality where Mr. Olpherts first noticed traces of copper, the ore is principally 
malachite, but there appears also to be some dioxide of copper (Cu a 0). From a conver- 
sation which I had with Mr. Olpherts, I gathered that the ore was only sparingly distributed 
throughout the matrix. . 

Origin of ore in the rock. — The lead occurring in a bed, and not in a lode, it is most 
probable that it was an original constituent of the rock in which it is now found ; and that 
whilst the rock was undergoing metamorphism the lead became segregated. 

Economic value, — ^In order to form a reliable estimate of the probable richness 
of this find, I had hoped that a fiEur amount of clean cut surface would have been exposed 
for examination, but this was not the case, as Mr. Olpherts, who had the management of the 
prospecting operations, had not had time to open out enough of the bed. 

If the indications, however, of lead at the surface may be taken as a fair criterion of the 
richness of this quartzite, then I would at once condemn the whole, the proportion of ore 
to matrix being far too small to make the working of this bed a desirable speculation. 
It may also be stated that lead ores occurring in beds or nests are usually poor in silver. 
But it would be premature to pass a final condemnation until further investigations had 
taken place, and although, as I said above, the indications are unpromising, I would yet 
recommend that a sum of 2 to 300 rupees should be placed at Mr. Olpherts' command in 
order that he might carry out to a more satisfactory conclusion the researehes which he 
has initiated. 

Incidentally, I may mention that Mr. Olpherts possesses an extensive collection of the 
various iron ores of the country. Many of these are very rich and occur in great abundance 
near to and around Slimanab&d. 

June \9t, 1870. 



NOTB OH THB OCCUBRENCB OF COAI. BAST OF ChHATISOABH IN THB COUNTBT BBTWBBN 

Bilasp6b akb BiNCHi, by W. T. Blanfobd, F. G. S., Depy. Supdt, Oeological 
Survey of India. 

The coal bearing (Damdda) beds of Korba extend for about forty miles to the eastward 
^ far M R4bkiib, in Udipdr (Oodeypore). They also extend far to the south-east towiurds 
Oano^pur, and to the northwards towards Sirguja, and in all probability are continuous or 
Clearly bo with the deposits of the same nature known to occur in those districts. 

Main Pat with the neighbouring hiUs and all the country on the road from Main Pat 
through Chindargarh and Jashpiir to K&nchi consist of metamorphic rocks with the excep- 
tion of a cap of tinp and laterite on Main Pat. 

The lateness of the season* prevented my searching to any extent for coal seams, 
indicatioDs of the existence of which were afforded by the occurrence of fragments of coal 
in ibe rivers, especially in the'M&nd. I found a few seams near Chitra, twelve miles west of 
B^bktib and nearly thirty east of Korba. Two or three are seen in the M&nd about three to four 
miles east-north-east of Chitra, but they are only from a foot to eighteen inches in thickness, 
lii a small stream, the Kopa Naddi, which runs south of Chitra, one seam, about three feet in 

• After the end of April I had still 260 miles to maroh to HazdribAgh. 
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thickness, is seen near the villaf^e of Tenddrndri, more than a mile 8oath-west of Chitra. It i» 
nearlj' horizontal, having a very low irregular dip to the west or south-weBt. Part oonsisto 
of fair coal, the remainder is shaly. 

The only seam examined from which it is poesible liiat a useful supply of fuel might 
be obtained is exposed in the same stream rather nearer to Chitra, being about a mile fbm 
that vill^e, clo^e to the boundary of the vilUige of Tendumdri. It is very badly seen, but 
appears to be of considerable thickness, perhaps twenty feet. The upper portion is so mach 
decomposed that no tnistworthy estimate could be formed of the quality without digging 
into the soam : the lower portion appeared to be fair in places. Tne dip is about 15 to 
nortlmiorth-west. 

The villiu^ers, as usual, would give no information, so that I could only tnice out the 
coal seams by the laborious process of searching the beds of the streams, and from want of 
time I was unable to ascertain whence the greater portion of the fragments seen in the 
Mand were derived ; but when passing through Ranchi, Lieutenant Sale, in charge of the 
Chota Kagpdr Topographical Survey Party, told me he had found a seam of (»al about 
four miles north-west of Rabkub in a small stream running into the M^nd, and it is probable 
that this may be the source of the blocks I saw in the river bed. 

I should add that several coal localities have been lately found by the officers of 
the Topographical Survey and recorded in their maps. They are all north of Korba 
and Udipiir. 

When passing through Jashpur, the R^ah told me that coal has been found in his terri- 
tory in the Khurea country, twenty-four miles north-west of Jashpumagar. This would be 
about 100 miles, or rather more, west by south of Rtfnchi. 

Calcutta, 31«< il/oy 1870. 

Note on Pbtbolbum in Bubmah, &c., by William Thjsobald, Esq., Geological Sanrey 

of India. 

Two very distinct sorts of earth-oil are met with in the countries lying to the eastward 
of the Bay of Bengal, tnz,, the limpid oil of Arakan and the viscid oil of Burmah, which last 
is commercially known as the Rangoon oil from its port of shipment, though really obtained 
at the Yendn-khyoung and other wells in Upper Burmah. The limpid oil of Arakan varies in 
tint from pale yellow to deep sherry brown, witii a peculiar opaline tinge, something like that 
produced in alchoholic fluids by the presence of fusil oil in excess. The Rangoon oil, on the 
other hand, is of very uniform color, a peculiar yellowish green and of tarry consisteney. 

I may here remark that the only other Indian oil I am acquainted with is that produced 
in the salt range in the Punjab. This oil is of a consistency almost intermediate between 
the Arakan and Burmah oil, and differs in tint from both, being brown, devoid of the peculiar 
greenish hue of the Rangoon oil, and of a decidedly reddish color by transmitted light* 
The wells producing the limpid oil are situated near Avoukphoo, Ramree, and the neighbour- 
hood, and are all confined to the western side of the Arakan range, and none, of them occur 
at any great distance from the coast, whilst the viscid oil of commerce is similarly confined to 
the eastern side of the same range, occurring most plentifully in Upper Bunnah, but met 
with here and there in very sparing quantity as low down as the parallel of Myanoung. 

Of the mode of occurrence of the Arakan oil and of the rocks with which it is associated 
little is known. The wells are mostly shallow, almost superficial, and would seem only to yield 
sufficient oil for local use, though their productive capacity has probably never been fairly 
tested. 

The Burmese oil is worked much more energetically, though the geological relations of 
the oil are little better known than in Arakan. Some of the Yenin-khyoung wells are, I am 
informed, sunk to a depth of 100 or 160 cubits, first through a little surface clay and then in soft 
sandstone. The age of these beds is not precisely known, but analogy would point to the 
nummulitic formation as being the source of these oils. In the Pui\jao, the oil rises through 
contorted beds of nummulitic limestone, and is there in all probability derived from thick beds 
of carbonaceous shale with lignite, which are associated with and underlie the nummulitic 
group. As the nummulitic group is largely developed in Burmah, we maj, in default of any 
precise information on the subject, refer m like manner the Burmese oils to the same group. 

* Dr. Olhamhas drawn my attention to a remark of Mr. Wjnne, that the oil obtained noar Bawnl Plndiis 
groen, when it Ibkucs to the sorfaco. The distinction, therefore, drawn by mo between the color of the Ponjl^b and 
Baniroon oils would seem to depend mainly on the relative Icn^h of time either has been kept, and does not seem, 
aa at llr«t iuferred, to originate In any eeeentfal differenoe of compoaition.— W. T. 
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In tike piovinoe of Peg^ no nommulitio rooks occur at the sorfkoe east of the Irawadi, which 
entire region is occupied hy a newer group oi miocene age or younger, and no petroleum well is 
authentically known within this area. A Uttle below I^uni^n there is a tradition of petroleum 
having once been known to occur, but I visited the spot and could detect nothing to conn- 
tenanoe the rumour in the appearance of the sandstone or any of the neighbouring rocks. The 
occurrence of oil, therefore, east of the Irawadi in Pegu must be held to be an open question. 

West of the river, the only situation where petroleum is known to occur which I have 
as yet had an opportunity of visiting, is the newly discovered locality at Padoukbeen west of 
Tbaietmio. The well was here sunk to a depth of about twenty feet in soft argillaceous sandstone^ 
rather tender and incoherent and of & dark bluish color, drying paler. The beds in the 
neighbourhood are shales and sandstones of the miocene series, dim)ing at low angles and 
very little disturbed, and not in the sb'ghtest degree altered. The oil seems to have been 
discovered by its saturating the soft sandstone where cut by a small stream in the bed of 
which the well is sunk, the top being a little way up the bank, but the well being carried 
below the leyel of the bed of the stream. Whether the well continues to yield, I cannot say. 
At my second visit it was abandoned and dry, but I hear it has again been worked. The oil 
from this spot is precisely similar in every respect to the commercial or Yen^n-khyoung 
oil, and is regarded as equal to it in value by the natives. 

There is no indication at this spot of any fault, and the chances of improving the supply 
by a deep boring are hardly greater than of &ilure, as there is so little to guide the judgment 
as to the source of the oil, and as these beds are, I believe, high in the series to which they 
belong, a very thick set of unproductive beds would have to be passed through, unless the 
bore struck a seam containing sufficient oil to constitute a flowing well, the presence of which 
is by no means assured by the insignificant surface indications. 



XOTB OF THE PBTBOLBITM LOCALITY OF SVDKAL, NBAR FiTTTIJUNO, WEST OF BaWUL 

PlWDi, PuN/is, by A. B. Wywhe, P. Q. S., Geological Survey of India. 

The petroleum at this place occurs (as usual in the Punjab, tfide Geological Reports, 
Asiatic Sociqjtv, &c,) in the nummulitic tertiaiy rocks. Just near the petroleum pits, as well 
tt to the north and south, fossils ooour, orbitolites being by far the most numerous, but bivalve 
sbeUs in a firagmentary state, teeth of sharks, and large bones are also to be found. 

The pits, only one of which is of any depth, are situated in a small open space a couple 
of hundred ^ards wide from north to soutn, covered with superficial debris, and bounded in 
these directions by rocky ridges of slight elevation. To the east and west are the sources 
of some of the numerous steep ravines which intersect the country everywhere. 

The tertiary rooks on both of these ridges are much contorted along narrow axes, but 
^ill possess considerable regularily of strike in a direction about 10° north of east and 
south of west. They dip at high angles, varying from vertical to 60° or 60° generally west 
of north and east of south, but lower angles and horizontal beds may also be observed 
forming parts of curves in the same neighbourhood. 

The rocks consist mainly of gray grits and sandstones, with some bands of gray fossil- 
iferous limestone interstratified with thick asones of red shale. 

In the inunediate vicinity of the pits the strike of the rocks changes to about north-east ; 
. y.^P ** very high angles to the north-west and seem to run against a mass of red shales 
wthin a few yards of the principal sinking, being perhaps faulted, but the relations are almost 
tiitirely concealed by the covering of superficial debris. 

To the southward of the present works within a few feet dark brown shales and 
sandstones impregnated with petroleum are exposed by an open * drifT:* or * stope' (cut ap- 
parently to seek the most productive band), and these as well as a band of limestone 
>n places saturated with the oil may be traced for a few yards north-eastwards, where a 
qoantity of the oU seems to have exuded from the rocks and mingled with the surface soil. 

, ^ Owing to the abandoned state of the works at present and the insecure gear at the 
pits mouth, it was not found practicable to descend, but as the pit is only twenty or thirty feot 
m aqpth, the oil could be seen trickling from the highly inclinea strata forming the sides, and 
vmch dip at the upper part of the pit north-west at 70°. A *dhol,* lowered quietly 
imd drawn up as i-apidly as possible to avoid loss by reason of its leaky condition, contained 
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about seven or eight vertical inches of the oil floating upon dear water, this bdng rather less 
than the probable depth of that in the pit, which had oeen aocnmoLiting for tiuree or fotiT 
months. 

It was stated by a native in charge of the place that the oD ran slowly and ooagnlated 
in the cold weather, in oonsequenoe of which the works had been temporanlj stopped, and 
that when in operation about one maund of oil daily coold be obtained. The colour of that 
taken from the pit was green, bat some found in a neighbouring shed was of a daik 
brown tinge, and burned readily with dense black smoke. 

It is understood that the mineral oil procured from here is to be used in lighting the 
station of Bawul Pindi with gas. A * gas house* was seen in course of construction there, 
and large gas mains lie along some of the roads, so that the question of supply becomes of 
importance : the quantity reported to be obtainable seems so far from encouraging that I 
doubt whether some larger prospect must not have existed before an expenditure upon gas 
pipes, &c., was sanctioned. 

The locality where the oil occurs is evidentlv of but limited extent near the village of 
Sddkal, and it would appear necessary, in order to develop its resources, to open much more 
extensively, across the run of the beds, trenches cut downwards to the rocks, which are now 
so much concealed just near the pits. Even if this was done and other pits sunk, there is no 
reason to suppose any of them would be more productive than the present shaft, and so far as 
can be judged from what is visible there is not room for many. 

As to the possibility of an increased quantity of the oil being obtained by deep^iing 
the existing shau, it can only be said that as the beds are nearly vertical with some underlie 
north-westward, if these relations are preserved, the pit in depth ought to pass through 
the beds at present yielding the oil and to enter those seen at the surface in the drift south 
of the pit, where it may be presumed the prospect of finding the oil in sufficient quantity was 
less favourable, or the shaft would have been sunk there. As the bedding of the rocks is 
much disturbed their continuing to lie in the same position for any distance cannot be calca- 
' lated upon, but it seems likely that (if it has not a&eady been done) the shaft might with 
some aavantage be carried down to intersect the oil-bearing rocks south of the pit. 

To sum up : from what is now to be seen at this petroleum locality, it would be advisa- 
ble to extend the search further before building hopes upon the place aa. a source of 
supply for lighting Bawul Pindi, and the quantity said by the man in charge to have been 
obtained from the present sinking would haraly warrant expectation that s^cientiy laige 
results would be obtained by opening other shafts in the same neighbourhood. 



On the OCC CBBBN CB of ABaBNTIFBBOirS GaLBNA and CoFFBB IK THB DISTBICT OF 

Manbhi!jh, 80UTH.WB8T FBONTiEB OF Benoal,— by V. Ball, Esq., B. A., Geological 
Survey of India. 

Although the greater portion of the district of M&nbhtim consists of metamorphie and 
sub-metamorphic rocks*, both, but especially the latter, likely to contain ores of the useful 
metals, hitherto no discoveries of the existence of any appear to have been recorded. 

The occurrence of gold in the streams of MAnbh6m and the adjoining districts has, 
however, long been known. Its mode of occurrence has already been described in these 
pagesf. 

Daring my geological examination of M4nbhtim, the discovery of galena or lead ore was 
made in the following manner : — When at Dadka, a large village forty-five miles south-soutii- 
east of Pdnilia, which is the sudder station of M&nbhmn, the Uhatwal brought to me a small 
piece of galena which had been given to him a few years before by some Kumars, He did not 
know what it was, but used some of it instead of Surma or antimony for the purpose of 
anointing the eyes of his female relatives. 

By enquiiy from the Kumars of the neighbourhood, I was, after several failures, at length 
enabled to trace the source from whence l^e galena had been obtained. The lode, for it 
proved to be such, had been struck some years previously by some Kumars who were search- 
ing for iron on the side of a hill formed of mica schisl^ in which there are a number of 

• Slates, quartzitM, schiiits, Ac. f Becords, 1869, II. 
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yeinB or small lodes filled with brown haamatite. This hill is close to a dih called Jani-jour, 
where there is an oaUjing house of the village of Dekia, which Ues about a mile east 
from Dadka. 

I could not ascertain that the Kuma/rs had met with galena in any other part of the 
neighbourhood, though excavations for iron were plentiful. 

Having found traces of galena on the surface, I proceeded to excavate, and soon obtained 
a number of fine specimens of the ore. It occurred quite independently of the bedding of 
the schists, sometimes in lenticular masses five or six inches long surrounded by quartz, 
and sometimes in a gangue principallv coinposed of brown hematite and quartz ; these 
appearances justify the conclusion that tnis is a case of a true lode. Owing to the excessively 
jungly and broken condition of the ground, I was unable, during the period of my brief 
Tisit, to trace the lode for any distance, and for the same reason I was unable to ascertain its 
exact width. Although, therefore, much remains to be ascertained regarding it, still, so 
far as it has been examined, the indications may be affirmed to oe promising. All 
who have given the least attention to the history of mining are aware of the capricious 
character of lodes, and of the impossibility of forming even an approximately correct opinion 
as to the value of any particular one — which is not laid open by a natural section — until 
some outlay for excavation has been incurred. 

In addition to the fact of the existence in any part of this country of such an ore as 
galena — supposing it to be in quantity — there are many collateral questions and conditions 
to be considered and ascertained before the commercial value can be properly estimated ; of 
these the most important are the presence or absence of other valuable ores or metals in 
association with the principal, the abundance and quality of labour and fuel to be obtained 
on the spot, the means of carriage with the distance of the nearest mart, and, perhaps, not 
of least mipoTtanoe, the healthiness of the locality. 

With regard to the first question, the assay of some of my specimens by Mr. Tween has 
proved the presence of silver in the unusually large proportion of 119 oz. 4 dwts. 16 grs. 
per ton of lead*. The assays of most other Indian galenas have given a much smaller amount 
than this. In Europe, from 35 to 40 oz. per ton is considered quite above the average yield, 
and argentiferous gakna containing very much smaller amounts is frequently woi^ea for 
silver with profit. 

Mr. Tween has also ascertained the presence of antimony in combination with the lead. 

Begardin^ the amount of coolie labour to be obtained, I have no hesitation in saying 
that it would be abundant. Such was found to be the case in Singhbhtim, when the Copper 
Company was at work there. 

Of the fuel, it is not easv to speak with so much confidence : undoubtedly there is a very 
considerable amount to be nad close by, as the locality is almost in the centre of the • 
heaviest tree jungle in M&nbhdm ; but all experience goes to show that such a source of 
supply is very precarious and uncertain. Possibly it might be found more economical 
to transmit the ore— should it ever be worked — ^to the neighbourhood of coal, rather Uian to 
attempt smelting on the spot. 

The means of carriage are indilTerent, or rather bad. Dadka is connected with 
Punilia by a mrtially finished road, without bridges, which was commenced during the 
famine. From Piirulia to the Bar&kar Railway Station there is a road which has for many 
years been in the hands of the Public Works Department, but is still far from finished. The 
difitance by these roads is about ninety miles. From Dadka to Midnapore vid Silda, the 
distance over bad roads would be about seventy miles. From Midnapore the ore or metal 
might be sent by canal to Calcutta. 

The climate is not generally considered healthy for Europeans ; still there are many 
worse places in the district. Doubtless the removal of the heavy jungle would ultimately 
produce a beneficial effect. 

The nearest locality to this at which lead has been discovered is at Hisato in Chota 
^agpur. The antimonial galena from that locality has been described by Mr. Piddington.f 
Prom the first specimens sent to him by Major Ouseley he obtained silver in the pro- 
portion of 70 oz. per ton of ore ; but other specimens subsequently received did not contain 
a trace of silver. 



* TfaiB propoTiion may possibly not be oonstant throoghoat. 
t Joor., Aiiat. Soc., JkngHl, XI, p. 892; XII, p. 736; XV, p. 61 
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COPPBB Obb8. 

Copper ores have been diKcovered iu two localities in M4nbhum. The principal i£ 
situated on the crushed and faulted junction of the metamorphic and sub-metamorpbic 
rocks about one mile north-east of the village of Poordah, Pergunnah M&nbazaar, or about 
thirty miles from Purulia. 

The rock in which the ore occurs is a coarse mica schist, which is traversed by nu- 
merous veins of quartz. Whatever the amount or quality of the original ot« may have been 
wbich existed near the surface, it has nearly all been removed by natives, slight stains of 
the carbonates of copper on the schist and quartz debris alone remaining to indicate the 
object for which the numerous excavations which occur along the outcrop have been made. 

These ancient excavations at the time of my visit were filled up, some with watfer, 
others with debris, which circumstance, coupled with the fact of the ore having been 
removed, rendered it difficult to form a decided opinion as to the precise nature of the 
deposit. Subsequent examination of the numerous and often weU-exposed copper ore deposits 
of Singhbhum*, which appear to be of mixed character (generally the ore occurs disseminated 
through regular beds or schist; but departing from this rule, it occasionally occurs in 
true lodes), has induced me to believe that these ill-seen M&nbhdm ores also occur in a two- 
fold manner. It is possible that the copper-bearing beds of Md,nbhdm may belong to the same 
Geologiad Zone as those of Singhbhdm ; but there are arguments against, as weU as for. Hud 
view. The whole question must be treated in greater detail than is now possible. 

The second locality at which copper occurs is near the village of Kulianpur, or 
about thirty-two miles due west of that just noticed. It is on a small hill formed of schists 
and qnartzites, which in one place are stained and encrusted with the carbonates of 
copper. There is an ancient excavation on the south flank of the hill. So far as it is possible 
to judge, the deposit seems similar to No. 1. It is not improbable that the ore may be fonnd 
further westwaixLs, but I did not succeed in obtaining any trace of it in the section exposed 
in the Subanrika river. There is a small quantity of slag at the bottom of the hill, which 
indicates that the ore which was found here was smelted on the spot. 

The small indications of ore to be seen at the two localities mentioned above are certainly 
not sufficient to justify any expenditure for excavating, more especially as the attempt) 
to work the similar, but vastly more extensive copper deposits of Singhbhum, have not 
hitherto provdd to be remunerative speculations. 

Various rumours of the occurrence of ores of tin and copper in diffisrent parts of 
Mftnbhum have from time to time been promulgated ; but the supposed ores of the men' 
valuable metals have generally proved to be either some form of iron ore, the green mineral 
epidote, or a bronze-coloured mica. 

ZOth June 1870. 



DONATIONS TO MUSEUM. 

April 2nd, — Specimens of salt from the Sambur Lake. E. M. Adam, Esq. 

„ 26th, — Specimen of petrified grass (rushes) firom Java. Mb8. Banziobb. 

May ist. — Two earthen pots from the Andamans and Nieobar Islands, a few stone 

implements, and fragments of pottery from the Andamans. 

Febd. Stoliczka, Ph. d. 

„ 1st. — A cup carved in serpentine from Skardo, Little Tibet. Ditto. 

„ 2nd, — Twenty-one ornamental (carved and moulded) bricks from Kishnagurh. 

Mk8. Wood. 

June Idtk. — A perfect crystal of oxide of iron, pseudomorphic of iron pyrites, from 

the foot of Sinawur hill, at head of the Suddoom vaU^. 

Captain T. T. Cartkb, b. k. 

„ 29M.—- A oomplete series of tools, used in South Staffordshire for sinking coliieiy 

pits and for working coal and ironstone. S. Minton, Esq., Dudlev. 



* A dpecrfption of these will appoar in a fatare number in the map accompanyiD^ which the podKion of the 
lead ore will be indicated. 
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In addition to the above, we have received many specimens of various kinds fur assay, 
or examination, among which some of the mote important were of iron ores from varioUi^ 

localities. 

The results of a recent search in the neighbourhood of HazAHbdgh vielded to Dr. Coatoa 
and Mr. Donaldson a considerable variety of ores, the principal of which wore from 
the Karanpurrl coal-field and its vicinity, examined sometime since, but not published fVom 
want of a correct map. The following numbers show the percentage of metallic iron c(m- 
tained in each. Of courve this is the full percentage, ana this proportion would not he 
obtained in manufacture. As the details of these researches will be given elsewhere, we only 
give the localities and percentages here : — 

Belhargadh^ ... ... ... ... 30*6 per cent, of iron. 

Ch^poju^ in the K^ranpiirA valley ... 66*8 „ 

Mural Kalan ... ... ... ... 16*4 „ 

Gondalpura ... ... ... ... 37*3 „ 

Ar^hira stream ... ... ... ... 42' 12 „ 

Ardhard village ... ... ... ... 11*2 „ 

Seam 12 feet thick in DamMa ... ... 25*6 ,, 

Mandu ... ... ... ... 33*8 ,i 

A specimen, found loose, to the north-west of Hazdribfigh yielded 68*7 per cent. With 
the exception of this, which is magnetite, and of the Bemargadhd specimen, all the otherH 
are varieties of clay-ironstone. 

From the Wun District, East Berar, the Depuiy Commissioner forwarded several oroH 
for assay. Some of these were fine rich brown hasmatite traversed by crystalline veins of 
the pore mineral ; these varieties were assayed, yielding, respectively, 60*4, 56*3, and 440 per 
cent of iron. If with these we take the percentage of the pore limonite, we wiU have~- 

63-2 

604 

66-3 224 • ij r M A .. 

4^.Q = —^, or an average yield of 66 per cent of 

metallic iron. There are distinct tmoes of phoephonu. These specimens were from veins of 
Begre^tion traversing the beds; bnt some of the beds themselves are rich and OMful onm 
yielding 48*0 and 46*8 per cent, of iron. 

In the immediate neighbourhood of these ores heaps of old slag are scattered over ihvt 
groond. These slags, the result generally of very crude and inefficient methodji of smelting, 
often ooutain a very large dose oif iron, and it was interesting to examine them. Two speei- 
mens were assayed ; and one yielded 38*0, the other 34'8 per cent, of iron — an amount wliicb 
would be ample to pay for le-smelting these slags in conjunction with other ores. 

In the Yenak hills, which occur west of the village of that name, near the river 
Pungangi, in tiie southern part of the Wdn District, East fierar, Mr. Hughes and VLt, Fedden, 
daring their recent examination of the oonntiy, traced over an extent of some five to six 
miles in len^h two thick beds of eonglomerate (nowhere less than nine feet^ txmtainiog a 
large proportion of rolled lumpe of a veir rich hamiatite. This on assay yielded no usm 
tlian 68*5 per cent, of iron with a trace of phosphorus — no manganese* 

AU these are rich and valuable ores of iron and ooenr in large abundance* Tlie noted hill 
from which much of the ore smelted by the natives in Nortb-Eantem Chamla is d/frivf^l, ihn 
Lohara hill, near BissanpdH, is one mass €^ iron-ore cj^ a couple d m\\<% in kfngih* A 
specimen brought by Mr. W. T. Blanlcird proved to be neariy pure s|jiMntlar tnin with a 
proportion of magnetic iron, and yidded to assay 70 per eent* of miHaliie iror» ! 



A0CES8I0X8 TO LIBRARY* 

Fbox lur Apsil to Vfm Jryje 1870. 

Titlei of Booht. I>*/n/,r9. 

Arbeiten der geologisrh«ti ^^fC^Ai fur hit,4^'ir''hf*/r*/:).'ifi'/ t*m V^A^ui^zu, \i*f\"A ♦iv'.- , 

Frag. lit^ySf. 

Barrahdb, J.— Systeine i:.Mrye%i d/? U U . .-rfi/-. \'A , VI, 1 T»»te, UUlr.'v'jV/iJ, Ft 2f, 
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Bbonn's, H. G. — ^Elassen and Ordnuoffen des Thier-Reichs, FortgesetKt von Dr. A. Ger- 

staecker, Vol. V, Pts. 11, 12, 8vo., Leipzig and Hd^delberg, 1870. 

BuBAT, A. — Les Honill^res en 1869, Texte, 8vo., et Atlas, folio, Paris, 1870. 

Cabtailhac, Em. bt Tbxttal, En. — ^Mat^riaux pour lliistoire de Thomme, Sine Ann., 

2nd ser., 8yo., Paris, 1869. 

Cbookes, W., akd Bohbig, E. — A practical treatise on Metallargy,in 3 yob.,8vo., London, 18^ 

DoLLFUS-AusSET. — Mat^rianz poor T^tade des gladers, Vol. VIII, Pt 3, 870., Paris, 

1870. 

Hbbb, Db. Oswald. — Beitrage znr natnrkande Prenssens, Pt. 2 ; Miocene Baltische Flora, 

4to., ^Lonigsberg, 1869. 

Jahrbucb des Schweizer Alpenclub. v. Jahrgang, 1868-69, 8vo., with Atlas, folio, Bern, 1869. 

Labtet, E., and Chbistt, H.—Reliqoiffi Aquitaincee, Pt. X, 4to., London, 1870. 

Mabichabd, Olubb db. — Bechercbes sur I'anoiennet^ de V bomme dans les g^ottes et mono- 

ments m^galiques du Yivarais, 8vo., Paris, 1870. 

Mobtillbt, G. db — Mat^rianz poor lliistoire de V bomme, 8vt>., Paris, 1868. 

Paijeull, C. W. — A Summer in Iceland, 8vo., London, 1868. 

Paladilhb, M. — Nouvelles miscellanies malaoologiques, Tax. 4, 8vo., Paris, 1870. 

Pal^ontologie Fran^aise, on description des animaox inyert^br^s fossiles de la France, 

iiyr. 19, Ecbinodermes, 8ro., Paris, 1870. 
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Ok the Gbology op Mount Tilla^ ik the Punjab, by A. B. Wynne, F. G. S., 

Geological Survey of India. 

The fine liill whicli forms the subject of this brief memoir rises between the eastern 
tennination of the Salt Range proper and the outworks of the Western Himalaya where 
the river Jhelum emerges from tnem to traverse the vast plain of the Five Rivers which 
imited in Uie Lower Indus (or Sind) reacb the sea nq^r Eurrachi. 

It is one of three or four minor ranges, all of which form links more or less between 
the Himalaya and the Salt Range. Of these the parallel chain of the Bukrala Hills 
to the north seems to form the most continuous connexion ; but Mount Tilla exceeds them 
all in height, reaching an elevation of 3,242 feet above the sea. It runs generally north- 
easterly by east, commences abruptly at its western end, and continues thence lofty for 
about ten miles, when it sinks rather suddenly into high ravine ground, with elevations 
of over 1,200 and 1,300 feet, for about twelve miles further, past the extensive mined fortress 
of Bhotas. It terminates in low rounded hills a few mues beyond this point, projecting 
into the commencement of the alluvial plains of the river Jhelum. It is widest where 
most lofty, having a base of three miles, but the extension of the range to the eastward is 
on an average not less than two and half miles in width. 

Neither the Mount Tilla range nor that of Bukrala to the north appear to have 
any strong relation to the drainage depressions of the country in their immemate vicinity, 
Iwth of thea« ridgra and the valley between being crossed by the nsually dry or nearly 
dry courses of streams, occasionally powerful, %s indicated by the depths of their gorges 
and great width of their sandy beds wnen the currents become slack. With the Jhelum, 
however, ordinary relations seem to exist after it has left the Himalaya ; the direction of 
the Tilla range coinciding more or less with that of the river, and the ground falling 
generally towardia the latter — except where one of the other chains or groups of hills inter- 
venes — on the southern side of the ridge. 

The exiBtence of Mount Tilla as a striking feature of the country — ^that of Ghambal 
to tiie south, of the Bukrala ran^ to the north, and indeed perhaps of the whole Salt 
Range itself— is, through denudation, directly due to huge dislocation of the stratified 
rocks, placing oertun of the beds of ^ater or less strength in abnormal contact with 
others possessing different degrees of resistance to disintegrating forces. The chief line of 
dislocation affecting Mount Tilla passes along its southern base, obliquely separating the 
lofty portion from the lower extension to the east, and is perhaps continuous westward, 
though concealed, to the great fracture lyinff in the bed of the Boon har river, which 
Beparatea the adjacent portion of the Chambal range from the western tennination of - 
Tilla, completely discordant dips ooouning on each side of the here constricted channel. 

As results of the foroes, or of similar forces to those, which caused this and other 
fractures, the whole strata of the country have been subjected to violent contortion, one 
of the finest curves being the interrupted anticlinal formed by the strata of Mount Tilla 
itself and traceable round its western end nearly to the line of dislocation occupying the 
lower gorge of the B o o n h ar.* 

# ^ ^/*^.^( the early dfty» of laat April a Romewhat Bingular occonrcncc was observed from the hleher ftarts 
of Mount Till a. The day was warm and bright, and a very strong breeze blowing, so much bo that traverSng 
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The denuding agencies acting Btrongly upon the TaTjing consistencies of the rocks of 
this country have not only produced dominant features coinciding with ihe principal 
contortions and dislocations, but in much more minute detail caused their stratification so 
to govern the forms of the ground that the minor contortions in many cases become plainly 
visible in the ornamental hill-shading upon the very excellent one-inch (to the mile) maps 
produced bv the Topographical Survey. This is much most prominent in the soft tertiary 
rocks which form so mucn of the surrounding country stretching far into the outer Himalaya; 
and it is partly a consequence of the steepness of the angles at which the strata are inclioed 
in various directions. A wide belt of these tertiary rocKs is known to border much of the 
Western Himalaya. Those which underlie them in the hills between the Ganges aod 
Bavee have also been ascertained and described by Mr. Medlicott in one of the Surrej 
Memoirs. Westwards or north-westwards from the Ravee river this succession has not 
yet been clearly worked out, but what is known renders it probable that the geology of 
this part of the hills will be found a continuation of that to the south-east. The verf 
interesting Salt Range also exposes rocks older than this tertiary series which hsra 
not hitherto been identified with the infra-tertiary rocks of the Himalaya range. These 
lower rocks of the Salt Range, however, exhibit local changes, going from east to west, 
chiefly by the admission of new zones and by increase or diminution of thickness, and 
present a marked absence of all metamorphic strata. Hence it becomes a fair infereocd 
that the formations inferior to those of the tertiair belt above alluded to, and the oon- 
ditions which produced them, had very considerably altered within the large area indi- 
cated ; and some knowledge of the region wherein the transition commences would Ik 
very desirable. This region cannofbe yet pointed out, indeed it may very possibly be 
entirely concealed by the newer rocks; but Mount Till a is one of the nearest knowTi 
places to the Himalaya range where the rocks next beneath the tertiary belt appear, outside 
or within its limits, as these may be assumed. These lower rocks appear only at the t/ip 
and southern side of the lofty western part of the mountain, the extension of the ridg« 
from this to beyond Rhotas hieing formed of the tertiary beds. 

The section afforded by the hill is as follows in descending or natural order :— * 

Average tMicknea. 

a rr..^:...^ ( Sandstone and clays chiefly, with some ") q. „i:t f Only part in aecdoa, 

6. Tertiary I conglomerate beds ... ... j Sivalik ... ^ about 6.080 fert. 

5. Nummulitic limestone ... ... ... ... Maximum 30 „ 

. ( Bed shaly and flaggy zone, with *> C Very van- \.^ , 

*• I pseudomorphic crystals j * * - "' { able, about j ^^ " 

8. Pseudo-limestone and compact sandstone zone ... ... 150 — 200 » 

2. Black-shaly zone ... ... - ... ... ... 200 „ 

C Purple sandstone zone ... ... ") ( 250 — 300 „ 



^ Purple sandstone zone ... ... '^ f 

1. j Purple shale and ... ... ... > Saline group ... j 

(. Bed saline marl ... ... ... j (. 



100 
20— 30 



a knife-edge rormoonting a precipice of seTeral hundred feet in heislit, it waa found neoeaaarj to proceed oc 
all-four«. The wind came ft'om the northward in each a way that macn of the nearly two-milea-broad chanori cf 
the Boonhar river to the soath just below the mountain would hare been thought sheltered. So far turn tin 
being the case, it waa here only that the gale seemed to take effect, raising vaat clouds of sand, compleceiT 
obscuring the distant country, while on either side beyond the limits of the mountain where tk 
river course was not so sheltered the equally dry sand was not seen to rise at all- My guide obaerred, ** Ute riW* 
or* bom on TilUiy" and it certainW seemed as if its great mass had so influenced the temperature of Uie sir tlu; 
the storm was local, or its strength umited t4*the rioinity of the mountain : or it may have been an eddy behind t^ 
obstructing hill-mass. — A. B. W> 

* For the purpose of comparison with the distant sucoeeaion between the Ganges and Baree, the fuUu^is; 
gtmeml section is abstracted fh>m Mr. Medlicott's Memoir :— 

Suh-Himalajfan Serin. 

Ujpper Siyalik ... ... Conglomerates, aandstonea, and olaya. 

Middle Nahun ... ... Lignite sandstones and clays. 

(Kasaoli, gray and purple sandstones. 
Dugshai, nurple sandstones and red days. 
Subathn, fine sUty clays, with Umeetono.— ('ifnaiMti/itic/. 
Himalavan Seriea. 
Unmetamorpnic— 

Krol Krol Hill ... ... Limestones. 

Infra-Krol ... ditto ... ... Carbonaceous shales or slates. 

Blini Blini River ... ... Limestone and conglomerate. 

Infra-Blini . Simla ... ... Slates. 

Metamorphic ... ... ... Crystalline and sub-cryetoUine rocks. 
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Compaiin^ the two mtim L ic 'vrfl. int «-!i "ixyt ::itr IT .a n mu > i m it ;:***u.»tv v -• •♦. »\^ 
the lowest pordoB 0^ tt» ^icaar. m imuaiui^ mr-^Tr^^nn-i m 'I-l i.m: T' i. M'«k^ v> %>> 
stones, if uanutiii g at itL iwntc pnie jtvenaEniut T*'Ta. -_:»« r^^mii. . .v'* ?i 'c » *m v •» 
"andstoixs and cuvil vaKfl*. ^tm. 'atur lu^Bilak. t?*??: juiuciii:*! j« utc a..U' «.V yt.o»it« <• t 
tbeSiralik racks. 

Bnt little of the » ■■"■«■ irfr^t> ? Stia'tix "w»» »» •*»ni %z T'^'i. w*»?> >«'«v >« ^^ 
appeanmoe here of the ^iiitnifnr^ ai :a*ar Tniiiiry-nir icrnci nivvfi?.*! >t V • \L,\ vw ^ 
though thu would not Se zcwoil iir n;* an!i--f ::i>r fnir*. ■_ nLTnair "-».* >i^ >^.tl • i^^o ^vx^ '•'•'' ^' 
of Mount TillsL — vfc5ek ss nsabiis ia -imaciiisfr i3»L :i':c v*!^^ ^.-w^.- \ .^^ v ".v* *« v* 
nuv exist between the a^ear^^m& 7HfcTiiiij-ciiitt**cme •v*-ii :*» 'i.-' -..■*' *jC -"':"-< >•'»> .' "V 
and the Krol aiidixifra-Kr«I xr^n^if Jt Xr iLMilicjc;* x7-7x-;i:'x.'- v U "^v .tv t* >».•. >^ 
bat even with the aid of tLst s^ix^masL* ^Juf Tii^mrir ::: wvo^ >f ^^k* .uv ^ a; yi:v>M,> < <.^^ 
attempt the oorrdation of these rotrksw 

Several beds of the aeetwBi o> ifu* TBHscwiri Lit? i.:,"sir7»«ufvd 5fc5 Tt't^v %»s'*V,\x *^>«^ 
black-shale eronp beneadi the acmnnlirae iinwsccce, vvc:ybLu.i'^^ il» :V vwC a^ a vn\*> 
deposits of ^e eastern pottiaa of thtf- Sfcis K.iT£**. Az.ii vLicJ-. c^kci *ju&'\'/\ V ^A^i tv'^ Vs^ w ^xv 
sented by a few traces oif daik oi-L-Jired «hi&Ie. *^dz^ wL-ttx ^zay otu ?; 5v» >v^'v x'/. 

The true red saH-marl of the SaU San^e ic:Lk<e» b<it a tvhtv tw^r vV« « v \< •>,' 
Mnthern base of Mount TiUa. It can be wtm in it.ci<e vLiciet^ cmvjut ^K'' x: <«m:v>v sm^ N «> « 4 >< 
Find Sevicki, bat isj^raatlr owerrsn and oocii.-«f&I^ "cr iUtnwJ avvu^t 5 *. y^^S'* •».« ^k . ,v 
cliffs and bills abore. Ctelj 3D or ^ teet bare beeTi sriisvE tl^r it :u ti^r av^jow ^ v^^o •, , v ,^»^ 
Fouid, however, doubtless mnch exceed thi^ if it could be wisl «t«x'U. Ii %^ oV u'x' vv« ^ 
bright red color, and gypseoos saline natnn^; bat aithvm^h «sUi h^^t Kvn m^^uvv^>^ \\>i 
&om the impregnated water it discharges* no actual rock-«alt ba» Uvu (nhiuvI \^ \( 

The upper portion of the marl is, as nsoaL pQrpl«\ and im^n^ sthiiU^ t^i^i ^>« (\>snvo^Mv\ 
e^enat the base of the pnrple sandstone cliJ&. Its thickntv^ a» «v«tu\uUsU ^^^\ W \^sv 
great, bnt allowanoe has been made for a portion that is an$o«»n in nuvkt k\K iu ^v\)^gm^>v« 

This sbalj portion of the marl passes np rapidly into $tr\)nc p\\r)>V «t>i\uNt\«\^^ \v<' ^'\ ^> <1\ 
the same color. Thej are generally fine grained, liave no jH'lA^Ioit (touttoivvi OM^«hMl\ \\w\\\ 
and. from being somewhat saline, hare white effloresctnuH'ei, yioMln^^ oi^^mIn to tl^Mx^-Ml^t^^ t 
they contain spangles of mica ; and the stronger beiK tVinu tho inwtv \\\tli xOkii'K llu«\ ou^ Vw 
dr^8ed, are cued as building stone. The thickness of thin nH'k» \\\\\\\ oHU«oa \\\ W yw^\'\\\\\ 
pointed oat, is sometimes deceptive. It forms a very oonnulomUo iH^'liiat \A' •wxws^ \\\ \W 
finest cliffs, where it cannot be mach less than 300 feet, thuu^h in muoii M)(utii(oM« m« \\\^\M\ 
eoold be only estimated. 

Next above the pnrple sandstone is a strong band of durK oulotvil \\\\\\\ «\\-\\\y* m\\\ 
fighter colored sandy nags and layers (2) ; the wholo having ii \\\\\\\\s nM)M«(, niul Mli-«h>Mia», 
with mica; the deposition snrfaoes are frequently ^Ionnv utul oovimihI \\\\\\ VU\\ v^\\\\\\ 
films. In these beds annelidan^ crustacean or JSifvfU niiirKtn^M mw iniiM«>iMUrt i iMul vl <«< 
vhere they have furnished the earliest traces of dlHtitioi foNHiU in ilir Hit 1 1 MiiiUMs (li)'-*»> t>«in 
nstmg of small bivalve shells as yet undetermined ; ntrontf Wp)ili«-niiM'liM ttUu itnt'KMhiiitili^ lut \\s 
: Seating immediately upon this shaly zone is a masHivo niuul of «««iiii)i(m>I mIIIiIiiim hiui)(«Immi •« 
and snb-calcareous rocks (3) of light color, often noarly wliiUt. HoniM nj lliMtii »mm Im»m i id- •) 
or pseudo-conglomeratic ; and many, under tho infltUMwut u\' Dim hm((Im<i, MH>«iiitn< I In 
peculiar fantastic forms of decomposing limcstono. A H|MM«iinMii k) IIim IhHii vHtii^ )|"m« 
Jfonnt Tilla yielded on analysis, according to Dr. KlHirMrif/, iMnnly hjimiI )im»Im nl uliih- 
qnartzoso sand, carbonate of lime, and carYx)nat4) of MiMi/twiMiit 'I'lifh MtiMtli xxix*) mil 
a peculiar surface appearance, as if likely to rontjiin foMiU, Ihim ImI in ht.tjM>Mi moh Iui Im) 
nothing of organic form has been found beyond t hit o)iHriir<i I hu I'l mhIIm. 1 1 tii li«i< iiiitinn 

group. The beds are frequently massive; this chaniH^'r, (III M nil' ii|i I ImmkI iIm. h> Iiii m oiili 

softer beds below, having doubtless been tbo firHt iUfwWiunin lltnl mimUmI \u llu- ihii ■lllh 
■long the southern &ce of the range. Many VfJinMn \mi\i\iini, u\>of" •"mU Im kIiIiiioiI 
from this groap, and some are said by Dr, Fkiuiin^ Ut Uut n l>>^J« l^»«littli I hon , \ i<il M ' 
Beng., Vol. xxii, p. 265). 

The next overlying group (4) is largi^ly ib'V(l//)>''/| otAy ni IIm «" >I'mi i mi| m) II« mmm- 

li presents a strong contrast to that jtj<it iwu^*tttit*\, \trnni i>'tht"\ n\ t\t t ^i oil II i| 

^ales, sometimes spotted with ipreen, thi; iU/'/Y «l«»^' U'un/ t/h*n n\t„\,\,,\ iili jn ) im,, 
"" vrv\qs of casts of cubic crystals, the mim'r»l ttt n\\ |r>olMbi)»i / hmM I^m fim* If f m ' i/'ic Ii p 
placed by sand. The flaggy layers ar«* fr^^i'i^'Of I y '/f* ityrUl utUtt UthiHuWf, IIm* I(H)JiI m>I Iih* 
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curving sndAenly round the peak called Thob, at which place the north-westerlj inclinations 
coiAmence, that fix the steep character of all the northern side of the lofty ground. Round* 
this peak of Thob, too, as a centre the strongly marked strata of the Sivalik (tertiarr) 
group are boldly curved so as to enfold those which form the hill ; the former, all more or k^ 
on eoge, being frequently so perfectly vertical that all trace of their outward dip is lost 

At the north-eastern extremity of the lofty ground the dislocation of the rocks is 
accompanied by violent contortion both of the Sivalik and older beds, its intensity diminish- 
ing considerably along the lower extension of the ridge to the north-east. 

Gold is said to be washed from the sand of the Boonhar river. Its source is probably 
among the Sivalik sandstones and conglomerates, formed of Himalayan detritus. The 
washing is carried on after rain. 

The summit of Mount Tilla, though affording small space of at all level ground, will 
doubtless attract attention as a sanitarium within easy reach of the Military station of 
Jhelum. It commands a splendid view of the snowy Pi r Pun jal range; is said to be, 
and most probably is, much cooler than the plains, for when visited on an extremely hot 
April day, the temperature in the shade was very refreshing. 

A road in excellent repair, save where it passes through the tertiary ravine-ground near 
Dariala, leads from Jhelum to the houses on the summit; and the hill, though by no 
means completely bare on top or on the northern slopes, is not crowded with jungle. 

The chief difficultv, as usual, would be a large and continuous supply of water. Exten- 
sive tanks exist, one of which is well placed, but lies rather low in order to obtain % 
catchment basin. The disposition of the strata affords little encouragement to sink wells ; 
though the black, shaly zone might be found retentive. Some springs there are, and othei^ 
might be found, where the tertiary strata cap the ridge, but this is at a distance of from foar 
to six miles, and a road would have to be made to them, so that probably the best method 
of increasing the supply would be by multiplying the number of tanks and making them u 
little liable to leakage as possible, one large structure of the kind on the north side of. the hill 
having been found quite empty, owing, as was said, to this fact of its leaking. 



Thb Cofpeb Deposits of DsALBHtJic and SiNOHBHtiM. 

The following papers on these copper deposits consist of, Isty abstracts of two papers by 
M. Emil Stoehr, the accomplished mining geolopst employed by the Company formed to 
work the mines ; one in the " Yierteljahrschnft der Naturfonchenden Gesellschaft" in 
Zurich, Vol. V, p. 329, 1860; the other in the "Neues Jahrbuch fur Min. Geo. u. Pal." for 
1864; and, %idly, a recent report. by Mr. V. Ball, of the Geological Survey. Scientific observ- 
ations in connection with mining operations in India are so rare that it is important to 
place the experience and the opinions of M. Stcehr on record in a form easily accessible to 
the Indian public. The works being abandoned, the mine-sections were not accessible to the 
Greological Surveyors. The localities mentioned by M. Stcehr may be followed upon the mjip 
attached to the second paper. 



1. — Thb Coffeb Mines of Singhbhijm, by M. Emil St(ehb. 

1. General Geological features: Schists, — It is only in the south and west of the 
region under notice that granite and gneiss-granite appear, forming dome-shaped hillocks 
seldom more than 100 feet aiX)ve the flat. The old rock-formations — metamorphics— of Lyell 
behave very differently; they form a system of parallel ridges from west-north-west to 
east-south-east, ranging in elevation to 1,900 feet and under. The strike of the ridges is for 
the most part the same as that of the schists, except in a few places to the east ; up to 
Sideshor the strike varies from east-T^-south to east-30°-south ; from there it is east 37°-to 
60°-south. The dip is constantly to northwards, at from 15° to 60," mostly from 20° to 35°. 
This structure decides the form of the hills — steep on the south and sloping on the north. 

These schists present many varieties, scarcely any form of metamorphic rock is un- 
represented ; clay-slate of the most various types, from soft clay-slate to roofing slate, with 
quartzose varieties, or sometimes quartzites, forming the ridges ; mica-, cnlorite-, talc-, 
hornblende-, and quartz-schist with quartz-rock are the most prevalent. Occasionally gueiss 
is found, but without any continuity or constant position in the series. There is a peculiar 
rock composed of round grains of quartz in great number (often exceeding the matrix) in a base 



PART 4.] Stahr : Copper deposits of Singhhhum. 87 

of ckj-fikte. At the junction of the sedimentaries and the granitics there oocnra a strange 
quartzoee formation, a trae arkose, many feet thick and abnoet vertical ; in which are found 
angular fragmenis of the different metamorphics, in a fine quartzose mass. Of minerals 
I obtained garnet, schorl, kyanite, rhatizite, and chloritoid (of Kenngott) ; also a blue-hlack 
mineral of an elongated form, which Kenngott considered to be apatite united with a car- 
bonaceous substance. 

2. GhreenHone dyhes, — ^The irr^ularities that these ranges exhibit ai^ due to the pre- 
wnoe of transyerse dylces, especiaUy or diorite. Simple inspection cannot determine whether 
the greenstone is amphibolic or pyroxenic — diorite or diobase ; I incline to consider it diorite. 
Generally hard, it often becomes soft, changing to aphanite ; at Paraum near Dhoba it is almost 
serpentinous, containing nearly 10 per cent, of water. Not £Eir off are considerable runs of 
potstone, which this aphanite seems at all evente to approach. In other places the greenstone 
passes into greenstone-schist, following the strike of the series. Althongh these dykes do not 
always come to the surface, they can be traced at intervals in long ridges recognisable firom a 
distance as longitudinally extended lines of conical hills, generally double-topped. The 
strike of these diorite masses varies, generallv north and south, or 15^ on either side. 
Where such a north-south range crosses those of the older rocks all is confused ; still a most 
picturesque conical hill always detaches itself from the mass. This very homblendic diorite 
nas a remarkable tendency to spheroidal structure, and appears on the snmmite split into 
vertical columns, like mined castles. It is noteworthy that one often finds such dens with 
quite fresh surfaces of fracture : this is the result of the sudden cooling by rain of the rocks 
when highly heated by the sun's rays, as I determined by direct experiment. These diorites 
are so nch in iron that they often disturb the magnetic needle, and weather into iron-sand. 
The diorite cones seldom form considerable elevations ; but this is not without exception, as at 
Bagmuri, 2,000 feet high. Where the diorites come in contact with the sedimentaries these 
are altogether metamorphosed ; basalt-jasper occurs ; the schiste are calcined, and columnar 
divisiona are fr^uent. These greenstones are not limited to the north and south dykes. 

Whether the introduction of the greenstones has had an^ connection with the appearance 
of the copper ore must for the present remain undetermined; it would seem the more 
likely, inasmuch as the potetone and serpentine formation is certainly so connected. 

3. ChcmUics, — ^These diorites run into the granitic area to the south and west ; where 
gneiss-granite and, less frequently, true granite form dome-shaped hills ; these also here 
observe an east-west direction in long parallel ranges above the plam, traversed by the north- 
Boath diorites — an arrangement that gives to the whole area a strange chessboard-like aspect. 
At the intersections of the two systems of ranges, the most picturesque cones occur; 
and remarkable development of mica appears in the granitic rock, so that the mica is applied 
to many ornamental purposes. 

4. Laterite. — In India many different formations are gprouped under the name of 
laterito. There is the laterite of the plains formed of detrital matter into which the iron 
constituent came frt>m without^ probably from springs ; such is the laterite of Midnapur. 
From these are to be distinguished that which owes its formation to the decomposition in 
niu of ferriferous rocks ; sucui is the only laterite known to me in our district, as on the 
sommit of Mahadeo, derived from the ferriferous diorites. 

5. Mineral products. — I have already mentioned the potstone that is worked into 
various utensils. I may here notice an ochreous schist that is used as a dye. Of ores there 
are — iron ore, sometimes as a vein, sometimes stratified ; mostiy pure magnetic iron (see 
Berg- und Huttonmannischen Zeitung for 1863) ; seldom red hsBmatite, and once only 
brown hsematite ; then the rich copper oro, which was the object of my journey to India. 

6. Copper ore : its raftge. — This copper ore would be interesting if only on account 
of ite unusual longitudinal extension — for 80 miles if not more. I have examined it more 
closely through a length of 65 miles, from Lopso hill in the west to as far as Badia in the 
east. I know nothing of ite further distribution in the western forest-clad hills, but in 
ite eastern range it goes far beyond Badia to Bairagurha, the most south-east point on my 
map; and so far as I examined the intermediate hills, traces of the ore were found everywhere; 
but in ite longitudinal range, it appears most in the northern hills. 

7. A lode, or bedded, — The strike and dip so coincide with those of the containing 
strata that one is induced to consider the mineral deposit as stratified ; against such a 
supposition there is the vein-like mode of deposit, the frequent cuirasses and slickensides, 
the occurrence of druses, and the broken outcrop. At all events the deposit is a filling of 
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cracks parallel to the layers of the contHinin^ rock ; aud the furmation of tli^8« cnii!ks wm 
prohably contemporaneous with the upraising of the schists. FollowiDg the structure of 
the containing rock, the deposit was originally variously irregular ; and this condition was 
aggravated by the intrusion of the diorite. 

8. Several outcrops. — ^Proceeding from north to south there firequently appear tvo 
or even three consecutive runs of copper ore ; it would thus seem, partly that one and the 
same band was brought several times to the surface by upheavals, partly that a system of 
parallel deposits truly exists. At all events we can recognise at several places two parallel 
ridges, or lines of outcrop, sometimes miles apart, sometimes coming so close that thej 
almost commingle. Going from west to east we find, quite to the west, near the Loptio hilU, 
two runs of ore scarcely ten minutes from each other ; a third more northern locality seenis 
only due to a local disturbance. These two runs separate to eastward, being several miles apart 
at Khursowa, until thev appear to come together again in the Akarsuni hill. From there to 
Tamba-dungri (copper nill) the deposit is Duried beneath the deep soil of the plains. At 
Tamba-dungri oue run appears which can be traced over Jainjura, tnen bending southward to 
Landu, and then again northwards to the summit of the corneal hill Chundra. A little noTth 
firom Jsjuiura a second band shows, which runs northwards from Landu to Chundra, at the 
summit of which these two runs are scarcely two fathoms apart. From here the two separate 
again, one goes south to Matku in the plain, where it is concealed ; one to Hitku, Banka, 
etc., in the north flanks of the Bangi hills. Here there is a break of several miles where I 
was not fortunate enough to find the ore : finally it appears again at Racka and proceeds 
then in a long line following Hie north hill-flank. Between Bindrabun and SidesDor ih 
strike alters, firom east-37^-soutJi to east-60°-south ; also the intruding diorites disturb the 
it)cks much, and with them the deposit. In their further course eastward the hills trend rather 
back, and the deposit gets gradually into the plains. At Pathur-ghora, we find a^ain two 
lodes, probably, however, only the broken parts of one and the same main lode which unite 
at Bairagurha. From here all goes straight, except once at ILarapathur there is a disturb- 
ance ; the contorted and crushed strata are confused and the rock almost altered into gneu^. 
These schists are stuck up to north by a south to north upheaval, and twisted round the 
Karapathur, till at last aU becomes normal again. 

9. Varieties qf the ore and gangue. — As for the ores themselves : — when removed from 
the influence of the atmosphere the iron ores are, mostly magnetic iron, less often pyrites : the 
copper ore, too, is seldom pyrites, mostlv glance-copper and red copper ore ; either ore indeed is 
sekbm pure, but mostly the two in intimate variable mixture, so they almost form a peculiar 
ore of blue-red colour, soft, and with red streak. According to several analyses (among 
others by Fresenius and Roth of Heidelberg) the proportion of sulphur varies from 9 and 
more per cent, to complete absence; and also the total of copper from 42 to 64 per cent: 
the ore is always contaminated with iron, from 6 to 12 per cent. It seems that when solpbnr 
is quite absent, glance-copper is also wanting and the red-copper is not pure but mixed with 
black-copper ; alao in many places black copper occurs in strings and disseminated, and is used 
by the native beauties as a black dve for the teeth. Beautiful rosettes of red-copper appear 
detached, no doubt the result of decomposition. In the upper levels the saline ores occur as 
the result of alteration, malachite, less often azurite, and brown spar. The whole gangue 
and ore are often so decomposed that these products are formed to a depth of 15 fiithoms. 
As a ternary product oi decomposition, on the heaps and scattered, I may mention 
chrjTsocoUa, libethenite, and chalcophyllite. 

I must again notice the intense atmospheric action ; oftien at the depth of 30 running 
fathoms the decomposition had not ended ; the earthy quartsite-schist had become decomposed 
and penetrated witn malachite and brown iron ore. 

Malachite, in solid masses, compact and earthy, seldom fibrous ; in the upper levels the 
only ore, where it occurs in film and fragments, or mixed with brown hsematite, impregnat- 
ing the whole gangue, which then contains from 2 to 8 per cent, of copper. It occurs besides 
as infiltrations in cracks and slender clefts where a rich deposit ends or begins. It is always 
more or less mixed with silicious earth and ochre ; the purest pieces give — 
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Red copper ore, in solid mames from the size of a nut to seyeral feet in diameter in a 
s3idoitt matax, sometimes filling the whole lode and enclosing angular pieces of quartz, 
sometimes in strings and flakes ramiffing throne-h the rock. This is the most important 
ore, seldom indeed pure, almost always mix^ with olack copper and iron oxide. As the 
malachite is due to the fnrther decomposition of this ore, so is it of glance-copper ; some 
fiDecimens show the three states. It is difficult to find red copper entirely free from copper- 
gunoe; apparently pure red copper specimens have given 8 ner cent, of sulphur. The mixture 
with iron oxide vanes from 0*^ to 18 per cent. It is too always mixed with hlack copper ; 
and it was interesting to know if the proportion were constant ; analysis showed it to vary 
from 637 per cent, snh-oxide and 33*6 of oxide to 60*14 per cent, of suh-oxide and 46*74 
of the oxide. It is only an indefinite mixture. Often the oxyde is in excess, the ore heing 
dark brown, with hlack metallic streak. The common variety is brown red to cochineal red, 
vith red streak, and in pure pieces, a fine crystalline texture. This quality, with hardness 
of 3, gp. gr. 6*623, gave — 
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Others gave traces of manganese and bismuth. 

Black copper occurs only as a coating, and at most in strings as thick as the back of a 
knife and always mixed with red copper and iron oxide. 

Cofper-glanee, massive, mostly in kernels. It is at all events the original undecomposed 
ore; seldom pure, aJmost always with iron oxide. 

Copper pyrites seldom found ; and only sprinkled here and there. 

Azuriie, sm a cruat. It is remarkahle how seldom it appears where malachite is so 
abandant ; I only know of one locality. 

Ubeihenite and CkcUeophyllite, in small crystab in the old refuse heaps ; similarly 
Cirysooolla, 

Native copper, in massv rosettes and flakes ; rare, and only where surface water can 
penetrate ; associated with mafachite, of which it seems to be a reduction and not of red 

copper. 

Copper wraniie was found on Lopso. 

Iron ores, — Brown iron ore ; in the upper levels often filling the whole lode, as ochre 
or as solid hrown h»matite. 




regains eave traces of silver and gold, and lu per 
proved the ores to contain silver : an ore of 31 per cent, of <x>pper ^ve 0*0078 per cent of 
silver, one of 60 per cent, of copner ^ve 0*0039 of silver. The silver then cannot be prin- 
cipally oontained in the copper ore, but m the gangue. 

10. Distrilmtion of the ore. — Copper is not the only metal this de^it contains ; iron 
predomimitefl ; so that one may describe the deposit as one of iron ore rich in copper. The 
copper-contents are themselves very variahle, from traces up to the richest ore. The action of 
the intruded diorites appears to mfluenoe the proportion of copper; they may come quite to 
the surfaoe or oidy produce a north-south upheaval, the richest copper deposit alwavs being 
in their neighhourhood. In the preponderating quartzose gansue the ores ooenr in leaves or 
threads, froni paper thickness to several inches, ramifying tnrough the mass; sometimes 
binding angular quartz fragments, sometimes in compact masses ; often filling Uie whole 
vein. Elsewhere t^ey show in lenticular lumps from the size of a hazelnut to that of the 
h»d, having then generally a covering of talc or chlorite in the quartzose base. Sometimes, 
but seldomTthe quartzose Veinstone fails, and contorted, crushed, broken chlorite- and talc- 
schist enclose lumps of quartz and strings and pieces of ore. Onco or twice the veinstone 
was quite porphyritic. 
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The roof and floor of the deposit are not confined to any particular kind of rock of the 

metamorphic series; many difl&rent rocks occor as such, — day-slate, chlorite-, talc- and 

mica-schist ; but always a schist ; quartz rock never occurs as roof and floor. The strike is the 

same as that of the rocks ; in the west, from east-west to east-35°-south ; in the east so 

much as east-GO^-south. The dip is 16° to 60° to northward, mostly 20° to 36°. The normal 

width of the lode is 20 to 22 inches, at which the ore is richest ; sometimes filling the whole 

vein. It often expands to three feet and over; but then the ore scatters and the richne&i 

suffers. Whether a workable ore extends, and how deep, is unknown ; the ancients only 

worked that nearest the surface ; but wherever I opened old works and went deeper good 

ore was found, generally after cutting through some poor ground, so that at 100 to 120 feet 

the ore still always held out. At the time of tny aenarture the point at which research had 

been carried farthest was at Landu ; there 212 feet had been reached, but already at 190 feet 

the ore had decreased, and at last was quite lost. YHiether there only happened to be poor 

ground at this spot, or whether generally the ore does not extend to the deep, is unascertained : 

I would almost decide for the latter opmion. The deposit is of course not worth working 

throughout its entire extent ; but rich parts alternate with poor or even with barren ; to find 

the first was therefore the chief endeavour ; and we were successful at many points in finding 

such rich localities. 

In the Lopso and Sirsu section the ore is associated with quartz- and mica-schist. 

At Podumpur with a sandy mica-schist containing schorl. 

At Akarsuni with black mica-schist and quartzose day-slate, close to greenstone ; granite 
also shows in the neighbourhood. The detritus on this granite is washed for gold. 

At Tamba-dungri, a greenstone that does not reach the surface seems to have raised 
the schists and part^ metamorphosed them locally into gneiss and quasi-granite, and the 
ferruginous schist into jasper. The top of the hill is burrowed all over with little pita 60 
feet deep. * 

The northern run at Landu is in quartzose schist accompanied by mica-and chlorite- 
schist : the southern in mica- and chlorite-schist with associated quartz. 

At Chundra the ore occurs with quartz gangue in mica- and chlorite-schist and quartzose 
clay-slate. 

At Matku in the quartzose clay-slate and quartz-schist. 

The northern lode at Chura-dungri and Hitku is in quartz-schist ; at Pahlu-dnngri in 
chlorite-schist ; at Banka it is greatly disturbed and seems to be cut out suddenly by a mass 
of potstone. 

At Racka and Bagh-ghura the rock is sandy schist and quartzite, but mica-, chlorite- 
and talc-schist are not absent. It was here that disthene-rock was found. The ore is in & 
silicious schist and occasionally in mica- (black mica), actinolite- and chloiite-schist. 

At Sukuma, near Sideshor, the ore is in silicious schist, associated with mica-, chlorite- 
and quartz-schist. Sideshor appears to be the production of a penetrating north-south upheaval ; 
and in its quartzites traces of the ore are found, as mabchite, — a proof that many beds of 
the metamorphic series are cupriferous. At Bindrabun immediately under the ore is & 
massive rock composed of <][uartz and tourmaline with a little mioa» — a granite formation, 
except that felspar is wantmg ; one might almost call it greisen. A run of jasper oocois 
close by, in the formation of which, as well as in the elevating of Sideshor, this peculiar 
rock may have taken part. Malachite traces are found in it too. 

At Pathur dungri the rock is quartz-schist; but on the south-west of the hill ore occors 
in mica-, chlorite-and hornblende-schist. 

At Surda the ore is in dark mica-schist containing garnet, chlorotoid, and hornblende 
crystals. Near Pathurghora the ore is in more or less metiunorphio schist ; near the village 
red felspar is associated, and the rock becomes granitoid. 

The distribution of the ore in the lode follows no certain order ; unless one is to con- 
sider as such its constant association with quartz, which is always the preponderating gang^^ 
From the agreement of the dip and strike of the deposit with that of rocks, one womd con- 
sider it as a stratified ore, were there not much against such a supposition. I do not here 
allude to the cuirasses and quartz druses, but especially to the variable strength of the 
deposit itself, and the interruption and separations of the outcrops ; which then again follow 
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the strata and lie in many patches close to each other. The nonnal thickness may be about 
20 inches ; in rich spots it reaches 3 feet ; while elsewhere it intermits, the deposit is com- 
pressed and decieasea with only scattered ore, till this also disappears and the deposit can 
no longer be traced. All this suggests to me separate lodes, i. 0., an impregnation of cracks 
paraUei to the rocks, and probably formed at the time of their elevation. 

11. Peculiar carhoTiaeeous mineraL-^l conclude this short description of the deposit 
with a notice of a mineralogical peculiarity occurring in it. At Jan^ura the lode was sought 
for beneath the thick soil of the plains, and found with good ore. In this newly opened work 
a fault was struck, in the neighbourhood of which tne veinstone seemed quite altered, tlie 
quartzose mass had become almost ^rous, the quartz had lost its lustre, and had become 
almost friable. In this rock and m the ore itself there occurred as rarities in, as it seemed, 
octahedral or rhombohedral cavities, loose pieces of a peculiar coal-like substance. It was 
found at 37 feet below tiie surface, or at 100 feet along the slo^ of the deposit, at 30°. I 
had early sent from India some specimens to Bergrath Breithaupt at Freibei^, who has 
described this strange mineral in the Mining and Metallurgical Journal for 3rd January 1859, 
from which I here give an abstract of the principal characten :— black ; semi-metallic lustre 
on fresh fractnre ; black streak ; opaque ; blunt pieces of size of an e^ and under ; inter- 
nally crystalline, vezy fine grained ; sp., gr. 1-92 ; hardness 4-25 to 4-75, between calc and 
fluor spar ; britde ; very difficult to bum before the blowpipe. Composition, mean of Sheerer 
and Buhe ; — 

Gftrbon ... ... ... ... ... ... 03*M5 

Acid ... ... ... ... ••> ... 2'886 
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It is considered by Breithaupt as a middle condition between anthracite and graphite. 

Breithaupt thinks that the tabular impressions on the carbon may be due to calcspar— 
that in the aruses calcspar crystals were produced. This is surely an error, for I never saw 
such cryatals ; on the contrary, the coaly matter is loose in cavities lined with lamellar quartz, 
which IB often imposed upon it. The hardness given by Breithaupt is not correct for all 
the specimens ; many are easily scratched by calcspar. I would mention that I possessed 
a piece of veinstone which together with this mineral contained undoubted flakes of graphite, 
as also two different forms of the mineral close together. 

Professor Kenngott and Escher de la Linth have more closely examined this substance ; 
on the same veinstone were found white particles of a silicious substance with a deep black 
nucleus, the white exterior being the result of decomposition; hence Profi^ssor Kenngott 
takes this snbstance to be the remains of the decomposition of a highly carbonaceous sili- 
cious mineral, whereby the silica was removed, leaving the carbon. 

12. Mining experiments. — In order to exhibit the special conditions of the deposit I will 
now describe the most important mining experiments. Special mining experiments could not be 
attempted over the whole area within little more than three years' time ; they were limited to 
between Jamjura and Rangi. Landn was the centre ; there were extensive old works there, and 
the flat ground offered an untouched field for exploration. The diggings that gave the best 
opening were No. 1, near Landu, in the north lode. At 7^ nmning fathoms we got to the end 
of the old workings, where the width, originally considerable, was reduced to 15 inches. There 
was great trouble in getting the men to continue the work; and when, among a lot of jackal 
bones, a piece of a human skull was found, all green with copper, great terror spread, and 
only the most pressing representations, that the skull must have been brought there by some 
beast of prey and did not belongto a man who had perished on the spot, could induce the 
men to carrv on the work. The layer was only 15 inches from roof to floor, almost filled 
with rotten slate and ouartz fragments, rich in iron, but almost without copper, only here 
and there a sprinkle 01 malachite incrustation. The ancients had evidently abstracted all the 
good ore till they dame to this barren run. After a little the malachite increased, enveloping 
the quartz, and so ramifying through the still broken schist that it yielded from 1*8 to 4*5 
per cent, of copper. The roof and floor were of chlorite-schist, quite devoid of copper save 
by infiltration m the little cracks. At 12'7 running fathoms strings of malachite occurred one- 
half of an inch thick ; and the lode was 2 feet wide. From here it increased ; and at 15^ fathoms 
An easterly drift was started that soon disclosed the most splendid ore ; first malachite, then 
this passing into red-copper, and this again into glance-copper. This ore finally filled the 
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whole vein, 3 feet thick, enclosing angular pieces of quartz; and aI«o occurred in lai^ce 
elliptical nodules several feet in diameter lying in a gansue of silicious alate, in sodi 
numbers that a fine roof-face could be worked ; at 26 fathoms sIoDgthe drift, the lode split, one 
branch going southwards soon became barren, while the northern one yielded fine ore. In a 
northern trial-drift from here another vein was cut more or less rich in ore, and still further 
eastward three others. Down from this drift a small hading shaft wsa sunk ; and here, 
at 28i fathoms the ore began to decrease, and died out altogether. So far the underlie wv 
35° ; here it rose to 60° or 70** ; the thickness of the lode decreasing to a few inches ; below 
this trouble it became flatter again and traces of ore re-appeared, tul at 32 fathoms tiiia too 
disappeared with a new trouble. It was in this state of affairs that the hand pumps could do 
longer keep under the water of the rainy season, and the progress discontinued at 12 fatiiouu 
vertical from the level of the valley. 

Four miles to the west, at Jamjura, under the alluvium of the plain, a very rich ore was 
cut, oocuning in a very similar manner to that at Landu. At 18 &thoms the ore was still 
good. In a westerly direction it was less rich, but continued to eastward. In a trouble of 
this vein the carbonaceous mineral was found ; not only in quartz, but in solid malachite. 
Here, too, was found the native copper, reduced from muachite by the action of this carbon. 

A third important locality was No. 6 of Landu, in the south lode ; chlorite-schist and 
sandy mica-schist contain grains and nodules of quartz, often coated with talc ; tiiese are 
sometimes several feet in diameter. In and around these generally flattened lumps, partly 
following the layers of the schist, partly, too, itself forming kernels, or surrounding fragments 
of quartz, comes the ore in threaas, from the thickness of a knife to several inches, thos 
uninterruntedly arranged^ in nuts and lumps, and in this manner forming the lode, 18 to 24 
inches wiae. These conditions obtained to 16 running fathoms, then the ore ceased, and at 
my departure the work was in barren rock. In the upper part the ore was sdl malachite, bnt 
in the hard undecomposed masses there was a mixture or red and black copper with glanoe- 
copper. The ore was besides always very rich in iron. At about 80 fathoms to the east, in a 
small trial pit, the lode was almost entirely made up of coarsely granular ciystalline 
magnetic iron. 

At Hitku in the northern, and Matku in the southern, lode there occurred quartzose, 
porphyiy-like gangue ; and the ore predominated as nodules of oxides, with glance-copper. 
in neither place was it worth working, appearing to cease in depth. 

At Banka a clear-ringing, columnar, fissured quartzite is penetrated in eveiy direction 
b^ thin strings of ore, black, with glance-copper. Sometimes it is scattered through the quart- 
zite, giving it a porphyritic aspect ; the quartz being then altered, duU, fragile as if burnt 
Low down there appeared an a^lomeration of quartzose talc-schist and nearly massive talc, 
where the lode stopped out suddenly. 

According to the results at Landu, the cubic fathom of 96 to 160 owts. of raw ofe gave 
an average of 6 per cent, of copper ; and the cost of extraction of the same, including 
haulage, amounted to Bs. 22 to 23 per 100 cwts. of raw ore. 

The preparation by hand-picking must be regulated according to the proportion uf 
saline ores ; here the average of 100 cwts. of raw ore waa — 



8 cwte. of rich picked ore of 
SO „ average ore of 
13 „ dost ore of 
24 „ rabble and poor ore of 



20 to 36 per cent, copper. 

i:: f» •• 



»» 
«» 



All the poor ore was considered as rubble for crushing. In the best rubble there occurred 
but 8 to 10 per cent., very seldom 20 per cent. 

13. Labour. — Most of the coolies were Dhangha Kols. On the whole, they proved them- 
selves very intelligent and skillful ; on an average more so than our European workmen ; only 
they are weaker ; but, whether mentally or bodily, they are very slothful, so that they require 




gang at one lace coma not amouni ro less xnan lour to six men. it was impossible to get 
people to work uninterruptedly, so that a face 1^ fathoms high thus worked only advanced 
0-8 of a fathom monthly. 

14. Prospects, — Sinc^ 1862 great endeavours have been made in London to get up a 
limited company with £120,000 capital to work the Singhbhum mines. The original company 
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had disaolved about 1869 ; its history was this : after Captain flaughton m 1854, in the 
Joamal, As. Society, Bengal, had first called attention to the mineral treasures of the 
district, two Calcutta merchants resolved to start mines, and I went to Bengal by their 
instructions to make inrestigations and to establish the mininf^. When it was certified 
tbst at many places fine ore ocoorred a company was formed m 1857, having at its head 
the two originia firms ; and everything was wen started on a very great scSe. Mining 
commenced at Landu «nd Jaimara, and fine raw ore was tamed out at the rate of 
1,200 to 1,300 owts. monthly. Other works were at that time not yet opened and in order ; 
still already the erection of a foundry with steam engine at a great cost was insisted 
on: and consequently, after my departure, what was expected befell: there was not 
jet enough ore there for the supply of a large foundry ; the company dissolved in 1859 ; 
and the stores, building, and machinery fell to a transferee at an insignificant price. So 
very costly a management had only accelerated the dissolution of the company. In India 
every administration is costly : here it was the case in a remarkable degree, as this single 
cinumstanoe fiilly proves — Rs. 9,200 had to be paid yearly to the two rajahs of GhatsUla 
and Seraikela, in whose land the works were situated, for tiie right of mining and smelting. 

As above stated, since 1862 great exertion has been made to form a grand new company ; 
and in the prospectus mention is made of my name with reference & my report to the 
former company, so t do not hesitate to declare that without further information than 
that already known and established — so long as nothing positive is settled regarding the con- 
tinnation of the ore in depth — ^the formation of a company with a capital of £1,20,000 is un- 
warrantable. Ore, and very fiine ore, is undoubtedly to be got ; and the works already under- 
taken might be carried on to advantage in spite of the deficient communications, if with 
moderate expectations an economical enterprise be undertaken, but for this so colossal a 
company is not suited. If the works are to oe again established, mininjg experiments should 
be extended before everythiog. and aooording to the results thus obtmed such a company 
might be formed or not. No one could expect an exhaustive judgment f^om the works 
already accomplished, and considering the time spent upon them, the first surface labor 
took place in the end of 1855, and already in 1859 all was discontinued. 

15. Ancient mineg, — ^Almost wherever the deposit comes to-day and is not concealed 
beneath ihe alluvium one finds old buildings and refuse heaps, where there was formerly a 
mine. In spite of the rodeness of the mode of extraction the work must be admitted to 
hare been sagaciously conducted. The ancients never went deep ; sometimes hindered by 
the water which everywhere is reached below the level of the valleys, sometimes by the 
fear of working under ground. The use of powder in blasting must have been unknown 
to the people of that time, for I everywhere found in the old works, where open, single 

S'UarB undisturbed, very rich in ore, but in such hard rock as only to be won by blasting, 
be ancients seem to have smelted the ore in little furnaces on the spot, for one finds 
remains of walls, hem of slag, and even copper bloom in many places. It is impossible to 
determine the age of^the old workings ; the neaps and fallen-in pits are mostly overgrown 
by thick jangle and covered by old trees ; only here and there one finds large openings in 
the rock, at pres^it the refuge of crowds of bats, whose dung covers the floor more than a 
foot deep ; Ihe cavity itself being converted into a beautiful green hall by a thick emst c^ 
malachite. If one asks the inhabitants when such work was in progress, they do not know ; 
and they speak of 100 years with the vague ideas of Asiatics about time, representing thereby 
an arbitrarily long period. It seems to me, however, certain that the present half- wild 
inhabitants are not in a condition to carry out such works ; and these may oe the relics of 
an ancient civilization, like the rock-temples of the neighbouring Orissa» like the fruit 
trees (mango and tamarind) that one often finds as very old trees in the middle of the thickest 
forest ; as again the remains of the great town Dulmi, which once stood in the thick woods 
of the Subanrika. Only one stray has reached me of the ancient minen. Where 
frdm the lofty Sideshor, the ridges of Bindrabun, Buamgurh, and Mahadeo descend into 
the valleys as spurs, one finds on Bindrabun extensive old diggings and pits, and on 
Buamgurh slag^heaps and remains of brick walls. There, at Buamgurh, a ngah of the 
name of Bnam must have lived and have made the digging and houses. Li the story this 
rajah is reported to have had two tongues,* so I must consider him as a person who spoke two 
languages, in fact a foreigner. The period may have been the 11th century, when the 
Kingdom of Orissa flourished. 



* For another explsnation of the two tongues, see a paper by Mr. Ball, Proc. As. Soc., Bengal, June 1869. 
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2— Ok Thb Cofpbb ov Dhalbh^m ajtD SuroHBHlhi, by V. Baxl, B. A., Geological 

Smrey of lodiA. 

The district of Singhbham, fint brought to the notice of the Brit»h in the year 18!^, 
when the internal distorMnees rendered interference neeesmy, wm not placed permanentlr 
under Britieh officers nntil 1836. In the inteiral that elapeed between these two periods, 
the discoreiy of copper and ancient natire copper mines appears to hare been made. 

The first pablished intimation of the existence of copper in Dhalbhdm was giyen in lS3d 
in a paper by a Mr. Jones* who was engaged in making researches regarding the coal of 
Bengal. He writes—" I have reason to sappoee copper maj be found in Dhalbhum near Ha^- 
waha (Bajdoha) in a stream called Gura Nadi that empties itself into the Subanrika." Whethtr 
this supposition, which subseauent investigation has proved to have been well founded, was 
based on information received from natives or from personal observation we are not informed. 

In the year 1854» the existence of extensive copper deposits which had been mack 
worked by the ancients in the above-named districts was forcibly impressed upon pabUc notice 
by Captain now Colonel J. C. Haughton, Assistant to the Governor General's Agent in the 
South- West Prontier.t 

In the same year the mines were visited by H. Ricketts, Esq., c. b., who proposed to 
Government that " a small sum be expended in working for a short period in order thoroaghlj 
*' to test the produce and to show the people of the country how to turn the veins to the 
''best advantage." 

H. Stcehr in the paper printed herewith details the eircomstanoes under which he came 
oot to this co uu trjT and the steps which led to the formation of the first Singhbhum Copper 
Company. Since his return to Europe, this company ceased operations in 1S69 ; and a second, 
formed on the rains of its predecessor, lasted only from 1862 to 1864, when it also was 
difls<4ved. 

In 1857, M. Durrschmidt published a report (with a map) on the "copper mines of 
Singhbhdm." All the important part of the information is denved frt)m Colonel Haughton 
and M. Stoehr. Some of the minor details would be of interest only to persons purposing 
to re-open the works. Speaking generally, this report takes a much more &vourable view 
of the proepeets of mining than was justified by the facts available at the time. 

In the prospectus of the second or Hindostan (Singhbhum) Copper Company, a namber 
of analyses and opinions regarding the quality of the ore by various assayers and others are 
quoted. These or rather a portion of them will be found incorporated in the following pages. 

The fiict of the copper ores having been worked by the ancients has been above alluded to. 
It is probable that the greater number of old excavations enumerated in the table on p. 100 
are of considerable antiquity. Elsewhere^ I have discussed the reasons which have M me 
to the conclusion that the ancient workers were an early Aryan race called Serak*, 

Within recent years a rude kind of working has been undertaken by the local rajalis 
and zemindars. But in consequence of poverty of the ore, flooding of the mines, want 
of labor (the pay perhaps being neither liberal enough nor regularly bestowed), or finally, as 
has sometimes been the case, sudden discovery on the part of the rajahs that their dignitj 
was being compromised by the work, all such operations have been discontinued. 

Otology, — In order to render the following account intelligible, it will be necessary to 
give a brief sketch of the geology of the district in anticipation of the full account of it, 
which will be published when the examination of the whole area shall have been completed. 

The rocks of Singhbhum, so far as they have been examined, are referable to two 
formations. The metunorphic, consisting of ^punitic and foliated ^eiss, schists, &c., and 
the sub-metamorphic, consisting of slates, quartzites and schists, which latter are sometiiDes 
not lithologicdly distinguishable from those belonging to the metamorphic. 

In Manbh^m, exclusive of the coal-fields, something less than four-fifths of the area i» 
occupied by metamorphic rocks. In the remaining fifth at the south of the district tke 



• Asiatic Researches, toI. 18, |>. 170, 1833. 
t J. A. S. B., XXIII, p. 103, 1854. 
X Proc., A. Sw B., Jane 18«9, p. 170. 
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sab-metamorphio rocks are let in by an east and west fitult ; thence southwards they pass 
into the district of Singhbhtim, where tliey cloke round irregalar areas of metamorphic 
rocks. The principal of these areas Hes east of the station of Chaibassa. The rocks seen 
are coarse granitic and porphyritic bosa-forming gneisses which are traversed by a perfect 
network of trap (diorite) dykes. This combinauon produces a very peculiar effect which, as 
seen from the top of a lugh hill, has been aptly compared to a chessboard. The walls 
formed of trap dykes constitute substantial boundaries between adjoining properties. North 
and north-west of Chaibassa there is another area of the same metamorphic rocks which 
is, however, free from trap or nearly so. A third small area exists near Khursowa, regarding 
which something will be said again further on. The appearance of the sub-metamorphic 
area is verv different from that just described ; it is characterised bv being traversed by long 
ranges of hills with deep intervening valleys which correspond to me position of the 
softer varieties of rock of which the formation is composed. 

The copper ores to which this account refers occur for the most part in a zone of schists 
whose geological position is situated near the base of the sub-metamorphic rocks. These 
schists form the northern flank of a broken spur of hills which leaving the Chota Nagpur 
plateau strikes eastwards for a distance of 40 miles through the estates of the rajahs of 
khursowa, Seraikela, and Dhalbbdm, then bendins round gradually to south-east and ulti- 
mately to south, it disappears under the alluvium of Midnapur. 

The principal ranges composinff this spur are of quartzite, upon which incrustations of 
the copper salts are occasionally found ; but the ore which has oeen worked is, with a few 
exceptions to be noted hereafter, associated only with schists. 

Measured along the strike, these copper-bearing rocks extend for a distance little short 
of 80 miles. Copper ores have not been discovered west of Lopso ; but there is no geological 
reason why thev should not be found for many miles further in that direction in uie Chota 
Nagpur highlanos. 

In the tables appended an abstract is given of the principal facts which have been 
observed at the various localities in which the copper has been found. And in the accom- 
panying map all these localities are indicated. M. Stoehr's paper contains [all the available 
reliable information regarding the working of the mines. 

The determination of the question as to the manner in which the copper occurs, 
whether in lodes or as a deposit, is one of no less difficulty than it is of importance. M. 
Sttehr holds the opinion that it occurs in lodes, though admitting that much may be said in 
favor of the opposite view. He describes the variable strengui of the deposit itself and 
the interruption and separation of the outcrops which in some places are close to each other. 
Carrying out this view, he distributes the localities where ore occurs along two lodes which 
he calls the north and south. He alludes to the fact of the existence of particular beds of 
rock in the vicinity of the copper showing' signs of excessive metamorphism which he 
considers to be due to local action ; but he does not mention that the copper, if followed along 
its line of strike, is found to penetrate into areas occupied by rocks which are undistin« 
guishable in their lithological characters from the most crystalline rocks occurring in the 
older series. Of course it may be that these, like the single beds above mentioned, have been 
affected by local metamorphism, possibly caused by the mtrusion of granite, but the granite 
which occurs is not distinguishable from that which is often found in Sengal to alternate with 
well foliated rocks, and is therefore believed to be of metamorphic origin. Thus this 
circumstance, which might othenrise be used as a crucial test of the validity of the lode 
hypothesis, is itself so uncertain and fraught with doubt that it is a rather dangerous 
description of evidence to make use of in such a discussion. 

In support of the view that the copper partakes of the nature of a mechanical or chemi- 
cal deposit in the beds, there is the fact tnat the underlie of the ore as seen at the surface 
nearly always appears to correspond with the dip of the schists, and that sometimes the 
schists appear to be permeated throughout with the ore. Adopting this view for the moment^ 
the following supposition would appear to afford a possible explanation of most of the 
phenomena with regard to the ore, which have as yet been observed. With the original 
materials of the sandstones and mudstone shales, which subsequently become metamorphosed 
into schists, the ore may have been either chemicaUy or mechanically deposited. At some 
period the crushing and tilting up of the rocks, of which there is abundant evidence, 
produced cracks ana possibly openings between adjacent beds, towards which a segregation 
of the copper particles which until that time were equally disseminated throughout the mass 
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of the schists may have taken place and oontinued until they became filled with ore and lo 
given rise to the appearances which have been reearded as indicating the existence of lodis. 
If this view be correct then the highly metamor^osed rooks which occur in the otherwise 
uninterrupted strike of schists at Akarsuni and Xumerara must be derived from the sehiits 
by excessive local metamorphism. But if, on the other hand, these rocks belong to the 
older metamorphics which they certainly at first sigiht appear to do, then the lode hypothecs 
must be admitted to be true. 

Beviewing the evidence on botb sides, the legitimate conclusion to be drawn would seem 
to be that the copper of Singhbhtim in all probability occurs both in lodea and as a 
deposit disseminatea throughout the materials which compose the schists. Similar caee^ 
of double conditions of occurrence are not unknown in other countries, as will be alluded 
to again further on. 

Obb8. 

The ores of the upper part, or, as it is technically called the ' bapk' of the deposit, have 
all been converted into carbonates and oxides. 

In assays made upon eight different qualities of ove by M. B. Sohenck, and quot«d 
in the Hindostan Copper Company's prospectus, the contained copper varies between 35*03 per 
cent, and 1*46 per cent Three analyses by Messrs. Phillips and Darlington of spedmens 
of carbonates gave the following results : — 

Na ].— Copper SI'S p«r cent. SIIvot 8oi. 6dwts. 17iprB. per ton of ore. 
No. 2.— „ 6-as „ „ 1 „ 2 „ ao „ „ „ 

No. 3.- „ 80 „ „ „ 19 „ 14 „ 

Three other speoimeiui were examined by Messrs. Howard and DoUman and gave the 
following results : — 

No. 1.-18*8 per cent, of copper. 
No. 2.— 21*8 „ „ 

No. 8.— J*"© „ „ 

Three specimens brought by me from Jamjura yielded according to Mr. Tween's 
analysis — 

No. I.— Jan^un ore, copper = 68*o per eent. 
No. 2.— „ „ =. 44*6 „ 

No. 3.>-Dogni „ » 36*6 „ 

Nos. 1 and 2 were picked specimens, but Ko. 3 was the ordinary ore to be found 
at Dugni. 

Messrs. Henry Bath <& Sons, to whom some of the ores, smelted to a reffulua^ were sent 
in 1854, reported as follows:—'' Our aesayer has carefully tested the sampks thou sent ub; 
they contam about 50 per cent, of iron which makcM them very difficult to smelt, aad 
is aJso very prejudicial to their sale ; we think, however, that the pnoes afiixed to them may 
be obtained. ' 

We are thy sincere friends, 

Hbnbt Bath & Sons.* 
Mining Office^ Swansea, Smo,, 19, 1854 

No. I.-*€opper; 42 per eent. B97 per21cwt. 

No. 2— „ 41 „ 86-16 „ „ H 

No. 3. — „ 89 M 84-2 „ „ „ 

No. ^— „ 86 „ 31 n »f tt 

The assays above quoted were of the carbonates or of grey-copper. 

Capper pjfrUee occurs in the schists at B^jdoha ; it was first found there by the second 
company ; fragments of rock permeated with it are still to be found in the debris. It seema 
to have been little affected by the weather. 



• Proceeding! Asiatic Society of Bengal, XXIV, 1866; p. 706. 

Non.— Of the minerals occoiring in the aohists, the following are the principal which have hem met with : 
Garnet, SchorL Kyanlte, Chlorite, Tromolit«. and Actlnollte. In the htU Dari, which is formed of potatone noder- 
lytaig the si«iiBtB, a peculiar indurated talo oocnrs in veins. The potatonee an esteoaivdy qwuried, nd 
aapply a plate factory in the neighbooring village. At Jaa^ara M. Stcehr dlsoovered an Intereettag carbonaeMW 
mineral, or which I also obtainea specimens in the refcuie heaps when I visited that locality; it is dctaribcd 
In the Mining and MetoUargical Journal for 3rd Jane 1868. 




;i,# 







, ^ 3 



[TilO 



Will 



PART 4.] Hall : Capper of Dhalbhum and 8inghbh4nt, 97 

Some of the mannfaotured copper was thas reported on at the Calcutta Mint : — 

" Three slabs weighing about 139 lbs. ; these were subjected to lamination and proved 
to be suited in all respects for purposes of coinage. The quality of this metal is excellent, 
being scarcely inferior to the best, equal to the average and aecidedly superior to several ship- 
meotd of imported copper." 

(Sd.) B. Baird Smith, 

Mint Master, 

As it is almost impossible at the present day, without excavating in the mines to a 
considerable depth, to obtain more than a few specimens of the caroonates or oxides of 
copper which he near the surface or incrust the walla of the galleries, it is most fortunate 
that we are able to avail ourselves of M. Stoehr's researches and opinions. His presence 
during the mining operations and subsequent examination of the ores in Europe have 
afforded him the most favorable opportunities for ascertaining the precise nature of the 
ores obtainable in the deep mines. 

It may be taken as a fact fully established bv the analyses quoted above, that exceed- 
ingly rich ores of copper do occur in Singhbhum. Before proceeding to the discusHion of 
the practical question m reference to the possibility of workmg the ore with profit, it is 
necessary to allude to th< 



Mbtals in association with the Coppbb. 

It is a matter of the greatest imnortance to ascertain the proportion of other metals 
which ordinarily occur associated witn the copper. Supposing the ore even not to contain a 
BufBcient quantity of copper to make it pay to extract it alone, it might still, if it included 
precious metals, be workM with profit. Such is tiie case with the argentiferous ore or 
Fahlerz from Eisleben in Prussian Saxony. 

In the assays of three specimens of ore by Messrs. Phillips and Darlington quoted above, 
the ounces of silver per ton of ore vary between 1 and 2f . M. Stoehr found traces, 
but only traces, of gola and silver ; while Mr. Tween did not obtain e^en a trace in some 
ores and smelted copper which I brought from Jamjura. 

Small quantities of Bismuth were found in some of the ores. 



Having in the previous paees pointed out the two-fold manner in which the copper 
ores occur— both in lodes and in beds— and their quality, the discussion of the practical 
question whether the ores are such as can be worked with profit in this country may now 
be entered upon. The facts and collateral circumstances which must influence a decision 
may be grouped under the following heads : — 

I. Character of the ores and their mode of occurrence. 

II. Experience of previous miners, ancient and modem. 

HI. Local circumstances. — Position of mines ; Means of communication and distance 
of marts ; Suppties of labor, fuel and lime ; Proprietory ; Climate. 

IV. Comparison with other countries where ores of similar character and occurring 
in a similar manner have been worked. 

I. Although rich ores exist, tiieir mode of occurrence is so capricious and uncertain 
that working them must necessarily involve an enormous expenditure. 

Ores of very much inferior quality if they occurred with a continuous unbroken lead 
which could steadily be followed up by the miners might, even under various unfavorable 
conditions existing in Singhbhum, be worked with profit. 

M. Stcehr distinctly speaks of good ore having been found at many points, but in nearly 
all cases an unusual richness of the deposit proved to be purely local and confined to nests 
which were speedily worked out, and unremunerative copper-permeated schist met with 
further down. 

II. Many of the ancient mines have been so thoroughly worked out that it is often 
impossible to find more than mere particles of carbonate incrustations. 
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It m«iy be argued with an apparent amount of plausibility that tho ancient mines, their 
number and extent, indicate a prosperous condition of the industry at some former period. 
We do not, however, know under what circumstances they were worked. In the early 
tlmen to which they seem chiefly to belong, copper may have possessed a value relative to 
the precious metals much higher than it does at present. And, again, although it may have 
|)aid parties of natives to work with their simple furnaces which oould without loss be 
relinquished when the supply of ore failed ana others be erected in a new locality, wc 
cannot feel assui-ed that it would prove proportionally profitable to a European Com^y, 
whose chief prospect of success would depend on the possibility of applying macmnei}' 
for the extraction and reduction of the ore continuously in one place. 

With regard to the experience gained by the companies, beyond M. Stoehr's and 
M. Durrsc'hmidt's papers, there seems to be now no accessible information. Without being 
able to refer to the records of either of the companies, it is impossible to form any estimate 
of what their working expenses amounted to. 

Copper was manufactured during the time of the second company and forwarded to 
Calcutta, but what proportion its price in the market bore to the cost of its productiuu 
I have been unable to ascertain. 

M. Stoehr's opinions on the first company and on the proposition to form a second vk 
printed herewith. He concludes that notwithstanding the disadvantages, some of the old 
mines might be worked profitably, but for that purpose so colossal a company* was not 
suited. But moderate expeetations, such as M. Stcehr speaks of, are not generally suJIicient 
to attract speculators and capitalbta ; and a really economical enterprise such as might ea^iily 
be carried out on the continent of Europe is scarcely practicable here. 

III. — Local circumstanoes. — Pontion of Mines. On all sides the ranse in which the 
copper ores occur is surrounded b^ broken hilly country, which is drained by a number oi 
rivers of sufficient dimensions to seriously impede traffic during the rainy season. 

The only made road in the vicinity of the mines is the one between Chaibassa and 
Midnapur. It is unprovided with bridges : the portion of it in Singhbhtim and Dhalbbom 
alone is (May 1869) in fair condition. 

In reference to the roads, Colonel Haughton, who was anxious to represent the pros- 
pects of a mining enterprise in the most favorable light possible, wrote : — " From the dig- 
** gings at Kumerarat there is a good road only 85 miles in length to Tumlook. The distanor 
'* from Landu or Jamjura to the Cossye river at Dhee Kulli&npiir is about 70 miles ; and that 
" river might, it seems probable, be available for water carriage during short periods in the 
*' rains, as the Damuda is at points far above those where it is ordinarily navigable. Then* 
'* is every facility for the construction of a good road to Dhee KuUiinpnr or to Midnapur, 
*' and in fact there was formerly a Government route in nearly the same direction. * * * 
" The distance from Tumlook vtd Midnapur would be about 132 miles." The copper which 
was made in 1862-64 was not despatched by either of these routes but vid Purulia to Kaniganj* 
the distance of which place from Landu being 130 miles, and the roads little better than 
cart tracks. 

Should the proposed direct line of railway vid Midnapur to Bombay be opened up, the 
copper mines will probably be rendered much more accessible than they are at present. 

Labour. — Coolies can be obtained in abundance. The Chota Nagpur Dhangas were 
found to be the best workmen. 

Fuel. — The supply of wood to be obtained in the immediate neighbourhood is limited, and 
a few years would exuaust the timber on the hills composed of the copper-bearing rocks. There 
is, however, a considerable amount of heavy timber on the rises to the Chota Nagpur plateaa. 

The discovery of coal at Midnapur is a ^t which may prove favorable to the pro^* 
1HH'1« of working the copper with profit. 

Lime. — The only lime which was used for fluxing the ore was manufactured from 
* kunkur.* No hope of any more regular or economical source can be held out at present 
8ome calcareous schists do, indeed, exist near Chaibassa, but in them the quantity of other 
mineralH mixed up with the carbonate of lime is so great as to make it doubtful whether 
Ihey could be successfully burnt for lime. 

■ The capital of the 2nd or llindostaa Copper Company was l;l:M),000 in 2^0uO hhaien. 
t The most eastern locality. 
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Prcprietory. — Singhbhum proper belongs to several members of the Porabat family, 
of whom the principal are the Koer of Seraikela and the Thakur of Khnrsowa ; they both 
give service to Government as Magistrates, bnt pay no tribute whatever for their estates. 
The Dugni Baboo in whose lands copper also occurs is a cadet of the same family. 

In the estate of the R^jah of Dhtflbhiim, the remainder of the copper localities, inclu- 
ding those at Landu and Rajdoha, are situated. 

The first company, confident in the productiveness of the mines, agreed according to 
M. Stohr to pay the Rajahs of Seraikela and Dhalbhdm Rs. 9,200 ibr the right to mine. In 
the prospectus of the second company the annual rent is stated to be Rs. 4,500. A con- 
siderable portion of this rent for the years while operations were being carried on is still due. 
Acting on a decree of the Singhbhum Deputy Commissioner, the Rajah of Dhalbhdm has 
seized the houses and engine of the company at Rigdoha ; but the former have already fallen 
to pieces, and the latter uncared for and neglected will soon become worthless. 

Climate, — The climate of Singhbhum is decidedly unhealthy ; this point is one of no 
small importance where a number oi Europeans might have to be employed. I have been 
informed that the employes of the two copper companies suffered much from fever. My own 
experience is, that natives of India, especially men from the north-west, suffer excessively 
from fever in Singhbhum ; of course both Europeans and natives might, to a certain extent, 
lieoome acclimatized, as has happened in other parts of India. 

lY. — Examples are not wanting in other parts of the world where ores of similar 
character and mode of occurrence to those of Singhbhum have been worked, with which a 
brief comparison may be usefully instituted. 

Copper Mines of JEisleben. — At Eisleben in Mansfeld, Prussian Saxony,* the ore of 
copper extracted permeates a schist (Kupferschiefer) which can be worked with as much 
regularity as a coal seam.* Notwithstanding the perfection of the machinery and the 
comparative ease with which the ore is extracted, it b a fact that the copper is manufactured 
at a loss. " Every ton of refined copper as it leaves the works has actually cost more than an 
equal weight of metal could be purchased for on the spot from the merchant." 

The profits of these groat and unique mines (which more or less directly support 60,000 
people) are nearly all derived from the small proportion of silver which occurs in the ores and 
18 extracted during the process at but little additional cost. The magnitude of the operations 
and the immense quantities of the copper ore which are smelted alone enable the work to 
be carried on with profit. 

In the copper ores of Singhbhdm silver does sometimes occur as is shown by the assays 
on page 96. But the amount is so small that it is extremely doubtful whether it could be 
extracted with profit. 

It has been stated that for the most part the underlie of the ores in Singhbhum corres- 
ponds with the dip of the schists ; bnt it can scarcely be said of them, owing to their steep 
mclination and irregular lateral extension, that they could be * worked like a coal seam.' 

South' West of Ireland. — ^In the south and south-west of Ireland copper ores occur 
disseminated throughout a zone of Devonian sandatones ; for a long time it was doubted 
whether true metalBferous lodes existed, all the copper being supposed to occur '* as a mech&- 
nical deposit derived firom the waste and destruction of some original mineral vein district. "f 
Becent deep mining operations which have been carried on with success have proved the 
existence of true l<des.^ Thus there would appear to be a double mode of occurrence of the 
ore there, similar to that which has been supposed to be the case in Singhbhum. 

In the preceding pages the object sought after has been to give a simple statement of 
facts, from which those who may be interested will doubtless draw their own conclusions. 

In mining operations such as would be necessary in Sinehbhum so much depends upon 
the regularity with which the ore occurs that no one could with any confidence venture to 
predict the result of excavation on a large scale. 

Courageous enterprise guided by the best professional skill in mining has both its trium- 
phant successes and its heavy losses and disappointments : until underground exploration has 
extended much further in Singhbhum, it will be uncertain which fate awaits those who 
may at any future time venture upon copper mining in that district. 

* TbeM mines are MIy described in a paper bj Mr. Jerrig, Jour. Bog., ArU, vol. IX, 18eo-61. 

t Memoirs of Geoloirical Sarvey of Great Britain and Ireland, explanations to sheets 200, 203, and pp. 278. 

X Geological Magaaine, vol. VII, No. a, p. '2rkl. 
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COPPER ORES 



PU 


No. 


T.oc*Iitles East to West. 


Nttmber of 
Mines. 


Nature of Mines. 


Dip 
or Underlie. 




>• 


I 


Madhopnr, S miles north of Kame^ 
nura. 


2 


Outcrop excavations ... 


j 






2 


Hills, W. of Ainnbniii 


Numeroas 


Ditto 


4(F E. N. K. 






S 


HUlB. 8. E. of BadU 












4 


Badia ••• ••• ••• *■* 


Very numeroas ... 


Ditto and shafts 


40^ to E. 2^ H. 






6 


Motaboni 


NameroQS 


Outcrop eicavations ... 


1 

1 

Ditto 






6 


Snrda 


18 


Ditto 


f 






7 


Hllla. W. k W. N. W. of Surda ... 


Nnmeroos 


Quarries, shafts* incUncs 


^ ; 

1 


« 

1 




8 


Hills, W. of Teringa St Keodadih ... 


Ditto 


• 

inclines. 


30PS6(=E.N.E. 


1 









Sor 4 


Ditto ft shafts 


SS° N. E. i 


«« 
^ 












1 


•s 




10 


MahadeoHill 








I 




11 


Baghghora 


Several 


IncUnes 


1 






12 


HOls. S. & a W. of Matigara ( =Baga 
of Dr. StcBhr). 


Niunerotts 


Ditto ft shafts 


N. E. 






18 


Bangamatti Hill, S. E. corner, N. of 
Baqja 


1 


Shaft 








14 


B^jdoha a 




Ineline and adit 










Ditto b 






Incline 


2«P N. N. E. 








Ditto 




1 


Hhaft 


Ditto . 








Ditto d 






Incline 


Ditto .. 






16 


Matka ... 






Shaft 








16 


Hurtopa... 






Ditto 








17 


Hitka 






Ditto 


» • « • • 




* 


18 


Landn Bamt-gbnr Hill 


Numerous 


Shafts, inclines, adit, 
trench. 


860— .SePtolO^E. 
of N. 
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OF SIN6HBHUM. 



,Na 



Ore. 



Traces of carbonate : a ipe- 
dmen yielded according 
to Col. uaogbton 84| p. c. 
of copper. 



2 No trM»a of ore m titm 



Tiaees of carbonates abnn- 
dint 



Ditto. 



No trace of ore at preeent 
expoeed. 

Incnutatlona of tbe carbo- 
nates on the walls. 



Traces of caibonatsa rare 



9 Ditto slag abundant 



10 



11 



12 



13 



14 



Bock. 



Qnarts and black mtea-schtst, 
strike 10° E.of N., granite 
close by. 



Black and grqr mlea*sehiits 



Gr^ and black micaHKbists, 
strike 2XP W. of N. Towards 
Mosabani gneissose rocks 
strike more to north. 



Schists. 



Black mica>sehist 



Klca-schist 



Fermginons mlca-schlst 



RSMAUtS. 



These mines are fVill of water, to lemoTC which 
and renew excavation woald be necessary 
beforo the condition of the ore oonld be 
ascertained. 

Slag dose by, indicating that ore was once found. 



This locality Is given by M. Stcshr. 



The rehttlTe positions of the Bsdla excsTatiena 
indicate foor distinct outcrops of ora. The 
principal of these passes throagh the Tillage 
of Baoia, near which are great heaps of slag. 
This was eridently a centre of eztensiTe oper- 
ations. 



15 

16 
17 

18 



Ditto 
Ditto 

Traces of carbonates 

Ditto 

Ditto 

Copper pyrites ... 

Traces of carbonates 

Carbonates, traces of red 
copper and pyrites. 

No ore seen 

Traces of carbonates 

Ditto 



Mica-schist. 



Ditto 



Ditto k qnartsite 

Slaty bine schists 

Ditto 

Ditto 

Ditto. 

Greenish talcose schist 
qnartso-f^lspathic grit. 

Qnartilte. 

Schist and qnartxlte ... 



Qnarts and mica-schist mnch 
contorted and baked. Banded 
jaspery qnartzites close by. 



} 



and 



From the abnndaoce of slag it would appesr 
that here, as at Badia, considerable quaatities 
of ore must have been smelted by the andents. 



At the site of the did town of Boam, there 
are several tanks covered up by Jnngie and 
immense quantities of slag. 

This locaUty is given by M. Stoshr. 



A number of deeerted potstone mines and some 
which are still worked occur along this range. 

Incrustations of the carbonates and black oxides 
occur on the quartsites forming the main axis 
of the hill. 

These are situated on a spur of BangamattL 

These were worked by the Copper Company. 
But the pyrites wss only Just reached a short 
time before working was discontinued; d is 
west of the river^ b and c being to the east 



Originally commenced by the andenta; it was 
deepened by the Company, but has subse- 
quently become filled npi 



A considerable amount of ore appeara to have 
been obtained hera by the Company. K. Stcshr's 
papen vive the detaila of workings carried 
on at Landu. 
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s 

o 
% 

•c 



No. 



LocalitiM East to West. 






1 



o 

s 



19 

ao 

21 



Landu Clhundn Hill b ... 

Ditto Hill, N. of Tunindih c 

Ditto Hill, N. of Talaa d ... 

t ffOnt • • • • • ■ ••• 

^ vvl Wk ••■ •»■ ■■■ 

Jtmixatk{T»ehamt9eimra of M. Stahr) 

Onn 

TambA— dungri 



23 flaldih 

24 HiindrA 



26 



t 






27 
28 

29 
SO 

81 



DAgni 



Ulcri 



Komiilpnr (Bankni) 



Akanfini a 



Podampar 
Regadih 

Lopw Hill 



Number of 
Mines. 


Nature of Minea. 


Dip ' 
or Unoerlic. 


Naneroos 


Inclines 


36^. K» io la 
£. of N. 


Ditto 


Ditto 


40°-«PN,orlO' 
E. of N. 


Ditto 


Ditto and adit 


4(PN. 


! • 


Shaft and incline 


? 


Several 


Shafts 











6? 


Shafts 


26 N. 


1 


Ditto 


N. N. w. ^r 


1 




N. N. E. 40= 








WN. 


1 


Ontcrop excavation . . . 


»* 


1 


Ditto 


? 


Several 


Ditto 


N.W. 


1 


Ditto 


? 


2 


Ditto 


r 


4 (aKl) 


Ditto 


? 


1 


Ditto 


4CPN. 
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SINGHBHUM,— rG^»^wM*«?;. 



N.J. 



19 
30 

21 
2S 

23 
U 

25 

26 

27 

:5N 



Ore. 


Rock. 


TiBces of cftrbonotM 


■ •• 


SchiBt. 


Ditto 


• « * 


Contorted talcoee qnartilte and 
micaceous schiBts. 


Ditto 


• •« 


Ditto 


Ditto 


... 


Talcoae and mica-schitt. 


Ditto 


and 




grqr copper. 






Trtces of carbonstes 




Schist 


Ditto 




Sandy and fibrous mioa-sehlsta 


No timce of ors 




Mica'Schisti. 


Ditto 




Soft satiny feispaihleand talcoee 
schist. 


Traces of carboDfttee 




Mica-schists 



BS1CA.BK8. 



These works were chiefly made by the Oompao^, 
but all slon^ the outcrop of the schists there 
are ancient excavations. In one place the ore 
p«mieate« 6^ of rock. 

The mines here were worked by the Company. 



2» 
30 

31 



Ditto abund- 

ant, a speeimen yielded 
M'5 per cent, of copper. 

DUto 



Traces of carbonate 

Ditto 
Ditto 
Ditto 

Ditto 



White talcose mica-schists and 
granitic gneisses. 



Schists and gneiss. 

Schists, granitic gneiss and 
trap close by. 

Ditto. 

Mica*schi8t8 and qoarta 

Micaceous and quartzose schists, 
also gneiss and trap cloee 
by (c). 

Coarae mica-achists ... 



These shafts were worked by tiie Comi»any ; one 
of them fell in while the operations were going 
on. 

No mines opened at this locality. 

Shafts in veiy irregular positions and without 
reference to the lie of the deposit. 



Said to have been excavated by the father of the 
preaent Baboo of Dngnl, Bungit Singh. 

This is situated in the village of Dugni ; then 
has never been any excavation. 

Said to have been worked with profit by the 
Dugni BalxH> about three years ago. 



A series of excavations in the fields are nearly 
filled up with sarface soiL 



Rocks much covered ; no strike apparent. 

Copper is said to have been manufactured from 
ore extracted flrom (d) twelve y^rs ago. 



Situated at foot of the hill west of Kanrudih. 
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MsTBOBiTBB. — During the past quarter we have reoeired an addition of four specimens 
of meteorites, representing 3 &11b, of which no specimens existed in <^e Calcutta ooUectioiu 
previously. 

1st. — From Ds. TbghbeuXk, the present zealous Director of the Mineral Gahinet at 
Vienna, came a vexy perfect, though not large, specimen of the fall at Hessle, near UpsaU 
which took place on ine let of January 1869. And a vexy good specimen of the remarkable 
stone-fidl which took place at Kernouve, Napoleonville, Moroihan, France, on the 23rd 
May 1869. Sndl^, from Pbofbssob Daubbbb, Ptens, we haye received a fine specimen 
of the meteoric iron finom Deesa^ Chili, peculiarly interesting, not only for the oreocia- 
form structure which it presents (recalling the Tula fiaU), hut for the occurrence in it of yery 
well marked ciystals of JEnsttUite, colourless and transparent and of a purity not hitherto 
met with, also crystalB of Peridot, of Srkreibersite, and of a lamellar substance closely allied 
to Hffpersthene. And also a second smaller specimen of the Kernouye (or Clegnerec) M 
dl the 23rd May 1869. These were all in exchange for specimens of Indian falls. 

T. 0. 

DONATIONS TO MUSEUM. 

From CoLOVBL H. C. Johitbtonb we have received a box of fossils collected bj him 
in the Sulyman Bange. There haa not been time as yet to examine these in detaiL 



ACCESSIONS TO LIBRABT 

Fbom IsT July to SOth Sbptbicbeb 1870. 

7}Ules of Books, Donors, 

ks'Dum, Db. Cabl Justus. — ^Vorwerltliche Pflanzen, 2nd Heft. 4to., 1869, Bonn. 

Bbbbnbt, Db. G. — Geol^e des Eurischen Hafien und seiner Umgebung, 4to., 1869, 

Konigsberg. 

BiosBT, John J. — ^Flora and Faunna of Silurian Period (Thesaurus Siluricus), 4to^ 

1868, London. 

Bbnbdbn, Van, and Gbbtais, Paul. — Osteographie des C^tac^s Viyants et Fossiles, Livn-S, 

8vo., and Atlas, 4to., Paris. 

Bosqubt, J. — ^Monographie des Crustaces foesiles du Terrain Or^tao^ du Limbourg, 4to., 

1864, Haarlem. Thb Author. 

Boubouionat, J. B. — Histoire Malacologique de hi Begence de Tunis, III, 4to., 1868, Paris. 

CoQUAND, H.— Monographic du genre Ostrea, Terrain Cr^tac^, Text, 8yo., Atlas, Folio, 1869, 

Marseilles. 

Dbchbn, Db. H. V.— Begleitworte zur Oeologischen Karte yon Deutschland, 8yo. and 4to., 

Esheets, 1870, Berlin. 

Engblhabdt, H. — Flora der Braunkohlen formation in Konigreich Sachsen (Crekronnt 

Preiss-schriften), 8yo. and 4to., 1870, Leipzig. 

Fbbsbnius, Db. C. B. — Qualitatiye Chemical Analysis, 8yo., 1869, London. 

Gbabppb, Db. Edw. — Beisen im innem der Insel Yiti-Leyu. 4to., 1868, Zurich. 

ZuBicH Nat. His. Soc. 

Gould, A. Augustus. — Beport on the inyertebrata of Massachusetts, 8yo., 1870, Boston. 

Hbssbnbbbg, Fbibd. — Mineralogische Notizen, New Series, pt. 6, 4to., 1870, Frankfort. 

Haidingbb, W. B. Yon. — Das Kaiserlich-Konigliche-Montanistiche Museum und die 

Freunde der Naturwiss., 8yo., 1869, Wien. Thb Authob. 

Hamt, Db. E. T. — Precis de Pabsontologie Humaine, 8yo., 1870, Paris. 

Hanlbt, S., and Thbobald, Wm. — Conchologia Indica, pt. I, 4to., 1870, London. 

IssBL, Abtubd. — Malaoologia del Mar Boeso., 8yo., 1870, Pisa. 

LiNNABBSON, J. G. 0. — On some Fossils found in Eophfton sandstone at Lugnas in Sweden. 

8yo., 1869, Stockholm. Thb Authob. 
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Lubbock, Sib John. — On the origin of the civilization and primitive condition of man 

8vo., 1870, London. 

Mbnzbl, Pbof. Auot. — Die Biene in ihren Beziehnngen znr KnlturgcBchiclite and ihr 

Leben im Krieslaufe des Jahi-es. 4to., 1869, Zurich. 

ZuBicH Nat. His. Soc. 

MuiB, J.— Sanskrit Texts, VqJ. V, 8vo., 1870, London. Govt, of Ikdia. 

Matbb, Chas. — Catalogue Syst^matiqne et Descriptif des foesiles des Terrains Tertiaires, 

8vo., 1870, Zurich. 

XoBDENSKioLD, A. E.— Sketch of the Geology of Spitzbergen, Roy. 8vo., Stockholm. 

Thb Authob. 

Ox tbe existence of rocks containing organic substances in the fundamental gneiss of 

Sweden, 8vo., 1870, Stockholm. The Authob. 

QrETELBT, A. — Observations des phenomenes periodiques pendant les annees, 1865, et 1866, 

(Extrait du Tom. XXXYII des Memoires Acad. Roy. de Bel- 
gique), 4to. Thb Authob. 

OosTKB, W. A., UND C. Von Fischbb.— Pro<o«aj Helvetica^ Bd. II, Abth. I, 4to., 1870, 

Basle and Geneva. 

Pbbbin, Andbb. — Etude Prehistorique sur la Savoie, specialement a T epoque lacustre, 8vo. 

Atlas, 4to., 1870, Chambery. 

PiCTET, F. J. — Materiaux pour la Palseontologie Suisse, ou Recueil de Monographies sur 

les Foesiles du Jura et des Alpes, Ser. V, pts. 7 and 8, 4to., 1870, 
Geneva. 

Schimpeb, W. Ph. — Palseontolopie Vegetale ou la Flore de Monde Primitif, 2nd Tom. 

pt. I, with Atlas, 4to., 8vo., 1870, Paris. 

'Si5DBEBGBB, Db. F. — Land und Siisswasser Conchylien der Vorwelt., Roy. 4to., 1870, 

Wiesbaden. 

TscHBBMAK, G. Vou.— Der Meteorit von Lodrau, Aus dem LXI, Bde. de Sitzb. d. k. Akad. 

d. Wissensch. April Heft. 1870, Wien. Thb Authob. 

ZiTTEL, A. — Palttontographische Mittheilungen, Aus d. Museum, K. Bayerischen staates 

(II. 2). Die Fauna der seltem Cephalopoden, fnhrenden Tithon- 
bildongen, pt. I, text, 8vo., pi. fol. xxv — xxxii, 1870, Cassel. 

Pkbiodicals, &o. 

Abstract of results of hourly meteorological observations taken at the Surveyor General's 

Office from January to April and May 1870, 8vo., 1870, Calcutta. 

American Journal of Science and Arts, Vol. XLIX, Nos. 145 and 146, 8vo., 1870, New 

Haven* 

Annales des Sciences G^ologiques, Tom. I, 8vo., 1870, Paris. 

Annals of Indian Administration, Vol. XIV, pt. 1, 8vo., Serampore. Govt, of India. 

Annals and Magazine of Natural History, Vols. 5 and 6, Nos. 30, 31, and 32, 4th Series, 

8vo., 1870, London. 

Bastian, A. W. Hartmann, B.— Zeitschriffc fur Ethnologic, Jahrg. II., Heft. 2, 8vo., 1870, 

Berlin. 

Cuyper, Ch. de. Bevne Universelle des Mines, de la metallurgie, des travaux publics, &c., &c., 

14th year, Tom. XXVII, pt. 2, 8vo., 1870. 

Oeological Magazine, Vol. VII, Nos. 6 & 7, 8vo., 1870, London. 

Indian Economist, with Superintendent and Reporter, Vol. I, Nos. 11, 12, folio, 1870, Calcutta. 

Indian Eoonomist^ with Superintendent and Reporter, Vol. II, Nos. 1, 2, folio, 1870, Calcutta. 

Govt, of India. 

Joanal de ConchiliologiCf Series 3, Tom. X, No. 3, 8vo., 1870, Faiis. 
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Mineral Statistics of Victoria for the years 1868-69, 4to., 1868-69, Melbourne. 

Dbft. of Mines, Tictosu. 

Neues Jahrbuch far Mineralogie, Oeolog^e, and Palsdontologie, Jahrg., 1870, 2nd Heft, 8?o., 

Stuttgart. 

Palseontographica, Vol. XIX, pt 3, 4to., 1870, Cassel. 

Peterxnann, A. — Qeographische Mittheilungen, Bd. XYI, 5, 6, 7, 4to., 1870, Gotha. 

Pfeiffer, Dr. Louis. Malako-Zoologische Blatter, Bds. 16, 17. 8to., 1870, Caasel. 

Professional papers on Indian Engineering, Vol. YII, No. 28, 8Ya, 1870, Boorkee. 

Majob Medley, b. e. 

Quarterly Journal of Microscopical Science, New Series, No. XXXIX, 8yo., 1870, London. 

Quarterly Journal of Science, No. XXVII, July, 1870, 8fo., 1870, London. 

Bomer, Dr. Edou. NoviUtes ConchologicsB, Suppl. Ill, Lief. 24, 26, 4to., 1870, CasseL 

Becords of the Geological Sunrey of India, Vol III, pt 3, Svo., 1870, Calcutta. The Subtey. 

Beports of the Mining Surveyors and Begistrars for 1867-68-69 and Ist quarter of th« 

year 1870, Melbourne. Deft, or Mikes, Victobu. 

CrOyB&NHBNT SELBCnOMS, &C. 

India. — Budget Estimate for the year 1870-71, fol., 1870, Calcutta. Govt, of Ikdia. 

„ General Beport on the Topographical Surveys of India, 1868-69, fol., 1870, 

Calcutta. GoTT. of Ihdu. 

„ List of Civil Officers holding gazetted appointments under the Government of India 

on 1st January 1870, 8vo., 1870, Calcutta. Govt, of Ikdu. 

„ Selections from the Becords of the Government of India, Home Depsfisnent, 

No. LXXVII. Papers relating to the Nioobar Islands, 8vo., 1870, 
Calcutta. Govt, of Ivdii. 

Bengal. — General Beport on Public Instruction in the Lower Provinces of the Bengal 

Presidency for 1868-69, with appendices, 8vo., 1870, CalcatU. 

Govt, of Bengal. 

Bombay. — General Beport of the Administration of the Bombay Presidency for 1868-69, 

8vo., 1870, Bombay. Govt, of Bombit. 

„ Selections from the Becords of Bombay Government, 8vo., Bombay. Ditto. 

Bbitish Bubkah. — Annnul BoDort ou CivU and Criminal Justice of Bangoon and Mod- 

mein ^r 1869, 8vo., 1870, Bangoon. 

Govt, of Bbitish BuEMifl. 

Beport on Trade and Customs of British Burmah, 1868-69, 8vo., 1870, 
Bangoon. Govt, of Bbitish Buexah. 

Bevenue Beport, British Burmah, for 1868-69, 8vo., 1870, Bangoon. 

Gk>vT. OF Bbitish Buemaa. 

Beport on Public Health' and Vital Statistics for 1869 of British BunnaJi, 
8vo., 1870, Bangoon. Govt, of Bbitish Burmah. 

N. W. Pbovincbs. — Selections from the Becords of Government, North- Western Provinces, 

Vol. lU, Nos. 3, 4, 8vo., 1870, Allahabad. 

Govt, of N. W. Pbovinces. 

Gudh. — Beport on Dispensaries and Lunatic Asylums in the Province of Oudh, fls., 1869, 

Lucknow. Govt, of Oudb. 

„ Beport upon the Administration of Criminal Justice in the Province of Oudh, 

fls., 1869, Lucknow. Govt, of Ocdh. 

„ Beport upon the Administration of Civil Justice in the Province of Oadh, fls. 

1869, Lucknow. Govt, of Oudh. 

„ Beport on Sanitation and Vaccine for the Province of Oudh, 1869, fls., Lucknow. 

Govt, of OrM. 
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OvDH.— Report upon the progress of Education in the ProTince of Oudh, 1869, fls., 

Lucknow. Govt, of Oudh. 

„ Beport on Census Table, No, V, of Oudh, Vol. I, with map, &c., fls., 1870, Lucknow. 

Govt, of Oudh. 

PuKJAB. — Beport on the Administration of the Punjab and its dependencies for 1868-69. 

Govt, of Punjab. 

„ Selections from the Records of the Punjab Government, New Series IV. Admin- 
istration of Bhawulpiir, Chumba, and Patowdie States, 8vo., 1870. 

Govt, of Punjab. 

„ Selections from the Records of the Punjab Government, New Series VI. Sanitary 

Survey of Villages watered by the Western Jumna Canal, 8vo., 
1870. Govt, of Punjab. 

Tbansactionb of Societiss. 

Bbklin. — Zeitschrift der deutschen Geologischen-gesellschaft, Berlin, Bd. XXI, Hefl. 1-4, 

8vo., 1869. Gbbkan Geological Socibtt. 

„ Zeitschrift der deutschen Geologischen-gesellschaft, iBerlin, Bd. XXII, Hefl. 1, 2, 

8vo., 1870. Gebman Gbolooical Society. 

„ Monatsberichte der K. Preussischen Akad. der WissenschafUichen, 8vo., May, 1870, 

Berlin. The Academy. 

Bbusssis. — Memoiies de V Acad. Royale des sciences des lettree, kc,, de Belgique, 

Tom. XXXVjI, 4to., 1869. Bbloian Academy. 

Bnlktin de Y Acad. Boy. des Sden. de Belgiqne, 2me. Ser., Tom. XV, XVI, 
1868. Bbloiah Academy. 

„ Annuaire de 1* Acad. Boy. des Sden. de Belgique, 8vo., 1869. Ditto. 

CiLcuTTA. — Journal of the Asiatic Society of Bengal, pt. II, Nos. 2 — ^3, 8vo., 1870, 

Calcutta. The Society. 

FlroGeedings, Asiatic Society, Bengal, Noa. 6, 7t 8, 1870, Svo. 

Asiatic Society ow Bengal. 

„ Joomal of the A^cnltoral and Horticaltmral Society of India, VoL II., pt 1, 

8vo., 1870, Calcutta. The Socikty. 

Canada. — Canadian Journal of Science, Literatore, and History, Vol. XII, No. 5, 8to., 1870, 

Toronto. Canadian Institttb. 

DusDBN. — Sitzungs-berichte der Natnrwissensch. GreseOscfaaft, Ins, Noa. 1-3, January to 

March, 1869, Svo. The Society. 

Flobince. — BoOetino. R. Comitato Geologico dltalio, pi. 6, Svo. Ditto. 



OornNOBN. — ^Abhandlungen der Konigl. GeseUschaft der WisaeDSchaften zo Gottingen, 

Bd. XL, 4to., 1869. 

„ Kachriehten von der K. Gesells. der Wisaenschaften and der Georj^-Augnst 

Universitat, 12mo., 1869. The Society. 

„ AstroDomisdie Mittheilungen von der Konigl. Stemwarte za Gottinque, 1869* 

1 ThieL, 4to. The Society- 

KoBiosBBBe. — Schriftcn der Kdni«rl- phynkalisdi-ecoiiomiache GeaeDschaft za Konigsberg, 

Jah^, 1869, pt. 2, 4lo. 

London.— Fhiloeophical Transactions d Boy. Soe., No. 158, pts. 1, 2, 4to. 

Procee£ngB of Boyal Society d Loodcn, VoL XVIII, 11».121, Svo. 

The Boyal Socrrry. 

Qoarteily Joomal of the GeoL Society of London, VoL XXVI, pt. 2, No. 102, 
gro., 1870. The Geolooicax Socirrv. 

Joorval of the Society of Arts, Vol. XVHI, Noa. 91^923, 8va The Society. 

Jooraal of the Boyal Asiatic Society of Great Bntain and Ireland, Vol. IV^ pt 2, 
Svo., 1870, London. The Sotibty. 

„ Proceed, of Boy. G«ogrAphii:al S«x-., Vol. XIV, No. 2. 8vo. DiTlo. 
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Munich. — Abhftndlangen der Mathematisch-physikalischen oUsse d. Konigl. Bajeiiacben 

Akad. der WissenBchafleii, Vol. X, Abth. 2, 4to., 1868. 

The Bavasiak Academy. 

Sitzungs-berichte der Konigl. Baj^eriiKshen Akad. der WiBsenschafben m 
Miinchen, 8vo. 

1867, Heft. II, No8. 3, 4. 

1868, „ I, ,. 1. 4. 

1868, „ II, „ 1. 4. 

1869, „ I, „ 1, 4. Thb Bavarian Acadevt. 

Beobacbtungen des Meteorologiscbeu observatoriuins, auf dem Hohen Treissenberg, 
von 1861-64, Supplt. VII, 8vo., 1868. 

Thb Bavarian Academy. 

Besoltate der Miincben Meteorologiscben Beobachtungen, 1857-66, Supplt. VI. 
8vo., 1868. The Bavarian Academy. 

Verzeicbniss von 6323 telescoptschen Stamen, Supplt. VIII. 

The Bavarian Academy. 

Nruchatel. — Bulletin de la Soc. des Sciences Nat., Tom. VIII, pt. 2, 8vo., Xeucbatel. 

Thr Society. 

New York. — First Annual Report of the American Museum of Natural History, Januanr. 

1870, 8vo. Thr Musecm. 

Palermo. — Giomale di Scient. Natural, ed Econom. del Consiglio di Perfezionamento di 

Palermo, Vol. I, pts. 1-4, 1865.— Vol. II, pte. 1-4, 1866.— Vol. III. 
pt». 1-4, 1867.— Vol. IV, pt8. 1-4, 1868, 4to. The Ikstitctiok. 

Philadelfhia. — ^Transactions of the American Philosophical Society, Vol. XIII, pt. 3, 4to. 

The Society. 

Proceedings of ditto ditto. Vols. X, XI, 1868-69. 

8vo. Thr Society. 

„ Journal of Franklin Institute, Vol. LIX, Nos. 3 -6, 8vo., 1870. 

The Institute. 

Stock HotM. — ^Kongliga Svenska Vetenskape Akademiens Handlingar, Ny foljd, 1864, 

Bd. V, Heft. 2.— 1865, Bd. VI, Heft. 1.— 1866, Bd. VI, Heft. 2.- 
1867, Bd. VII, Heft. 1. Thb Swbdish Academy. 

„ Ofversigte af Kongl. Vetenskaps Akademiens Forhandlingar, 1865, XXII— 

1866, XXIII— 1867, XXIV— 1868, XXV. 

The Swedish Academy. 

Meteorologiska Jakttagelser Sverige, 1864, VI— 1865, VII- 1866. VUI, 4to. 

Thb Swedish Academy. 

Le&adsteckningar ofver Kongl. Svenska Vetensk. Akad., Bd. I, Heft. 1, 1669 

The Swedish Academy. 

Kongliga Svenska Fregatten Eugenies resa omkring Jorden, 1851-53, Heft. 
XII, Zoologi. 6, 4to. The Swedish Academy. 

St. Pbtbbsburoh. — Bulletin de I'Academie Imp^riale des Sciences de St. Petersburg, 

Tom. XIV, Nos. 5, 6, 4to., 1870. 

Vienna. — Verhandlungen der k. k. Geologischen Reichs-Anstalt, 1869, Nos, 1—18, 8vo. 

The iNSTmjTB 

Jahrbuch der k. k. Geologischen Beichs-Anstalt, Bd. XIX, Heft. 1 — 4, 1869, 8ro. 

The Institute. 

Sitzungsber. d. Kaiserl. Akad. der Wissenschaften, abtheil. 1, Bd. LVUI, 

1-6, 1868; abtheil. 2, Bd. LVIU, 2—5; abtheil. 1, Bd. LIX 
1—11, 1869 ; abtheil. 2. Bd. LIX, 1—3. The Academy. 

Zurich.— Vierteyahrschrift der Naturforschenden Gesellschaft in Zurich Jahrg. XII. 

pts. 1—4, 1867, Jahrg. XIII, pts. 1—4 1868, 8vo. The Societv. 
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hsSVAL BbpOBT OT THE GbOLOGIOAL SVBVBT OF INBIA AKD OF THB MuSEUM OF GbOLOQT, 

CaLCTTTTA, fob THB TBAB 1870. 

Since the publication of the hut annual report, the year now just paeeed has enabled 
the Geological Survey of India to make considerable progress in the careful examination 
of the country. 

Taking the seyeral districts in sacoessiont I shall briefly refer to the progress mads 

ineich. 

In the first place, it is necessary to notice the numbers with which the survey has been 
caTTjing on its labors, as the area which can be examined very seriously depends upon this. 
The vacancy in our staff caused by the lamented death of Mr. C. M. Oldham in 1869 had not 
Wen filled up, as no qualified person could be obtained at the time. And the absence on 
leave of Messrs. King and Mallet, neither of whom returned till just at the close of the 
yor, left the staff of the survey diminished by three of its most qualified members for the 
vbole twelve-months. Early in the season also, Mr. Ormsby, who in the previous year had 
W obliged to proceed to Europe in consequence of the effects of sunstroke, but had returned 
H>puiently restored, again felt the serious effects of exposure, and was obliged to leave the 
field rather earlier than usual. He was able to do some work in office, but gradually sank 
vA caocumbed to the effects of the attack and exposure in June last. Since March also, 
Mr. Fryar, specially sent out for the compilation of the mineralogical statistics of the country, 
ius been placed under the orders of the Central Provinces Qovemment for mining purposes, 
ud has not in any way contributed to the progress of the (Geological Survey. We have thus 
in reality been working during the year with only three-fourths of the full sanctioned num- 
ben on the staff of the survey. Mr. King was obliged to seek extension of leave from ill- 
Itetlth in England, and Mr. Mallet was authorized to proceed on special duty counting three 
nwnths as service, in addition to his furlough. Thus, neither of these gentiemen was back 
wtil quite the end of th^ year. Dr. W. Waagen joined the survey, to fill the vacancy in our 
numbers caused by the death of Mr. Oldham in 1869, about the middle of December, and 
las since then been most zealously engaged in the preparation and examination of the fine 
colleetion of Cepkalcpoda made during the last two years in Kutch. 

It has been mj duty on many occasions to point out the great delay and loss of work 
vliich result from such changes in the staff. There is no source in this country from which 
pioperly qualified assistants can be obtained for the Qeohgical Survey. In truth. Geology is 
nowhere taught in this country, and assistants must be sought for in Europe, where such 
sciences are cultivated. The numbers, however, from which they can be selected are small. 
I^oee who have proved themselves competent readily and rapidly find employment at home, 
vheie the terms of retiring allowances and of pay are much more favorable, under the 
ciitiunstances, than are offered out here. And it is only possible occasionally to procure the 
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aid m really trained and qualified auiatants, who, either from a deeire to see the geology 
of countrieii they coald not otherwise hope to he ahle to visit, or from other causes, will 
venture to face the difficulties, hardships, and perils of a geologist's life in this country. 
Such a description may appear to some highly coloured, and that geologists have no more 
reason than others to be anxious on the score of health. I have, however, often had occasion 
to point out some of the causes of this — that geologists are compelled not only to visit for 
an hour or two, but often to remain camped for days in the very wildest, most inaocessible, 
and most inhospitable parts of the country. These are precisely the places most likely to 
afford them sections, and thus to give a clue to the structure of the district ; but they are 
also the most dangerous. The serious losses which the survey has experienced since its 
commencement amply prove the truth of this. But perhaps the most convincing proof, that 
we are not alone in this view, will be to quote the deliberate opinion of Assurance Offices, 
who have had the whole facts carefully enquired into by their medical officers, and wbo 
acknowledging that there is no objection on any othec. ground to accept insurances on the 
lives of officers of the survey offered to them, yet decline to do so, stating that " no premium 
whatever would cover the risk." 

And, further, "when new assistants have been obtained, a considerable time elapses before 
they acquire a knowledge of the languages of the country and an acquaintance with the 
peculiar arrangements necessary for tent-life and marching in this country, so that they 
must necessarily be for some time placed along with others, and cannot work independently. 

Mr. H. B. Medlicott, Deputy Superintendent, devoted the eariy part of last year to the 
careful and detailed examination of the country near Mopani, the site of the Narbadds 
Coal and Iron Company's collieries. When this area was originally visited and mapped 
out (in 1856-57) there were no maps whatever on which to record the observations of the 
survey. A general compass-sketch was very successfully carried out by Mr. J. G. Medlicott, 
then engaged there, and on this, on the scale of four miles equal one inch, the structure of 
the country geologically was represented and published (Mem., Geol. Surv., India, Vol. II). 
No one could be more fully aware of the imperfections of this sketch than those who ooa- 
structed it ; and we, therefore, looked forward anxiously to the completion of the detailed 
and careful maps of the regular survey. The operations of the revenue survey under 
Colonel J. £. Gastrell had been extended to that part of the country, and at the doee of 
1869 we were enabled, by his kindness, to obtain maps of part of the district, even in 
anticipation of their publication. These were just sufficient to enable ns to take up tiie re- 
examination of the field, which the progress of railway communication, the opening out of the 
line in the Nai'badda valley, and the general increase in the demand for fuel, rendered so imme- 
diately important. This re-examination Mr. Medlicott personally commenced, and the results, 
so far as the Mopani field is concerned, have already been published (Beoords, GeoL Sort 
of India, Vol. Ill, August 1870). It is intended to carry on the careful examination of all 
the country which affords the least prospect of yielding coal or ol^er Taluable minerals in 
that neighbourhood as the detailed topographical maps become available. 

At the commencement of the present working season, Mr. Medlicott took np the rvtv 
sion of the geological maps of the Jhansi, Lullutpur, and Saugor districts, prepared by 
Mr. Willson and others, with a view to their publication. C<mipleting this, Mr. Medlicott 
will return to the Narbadda valley. 

Mr. W. L. Willson has been engaged during the whole of the year, and still is engaged 
in completing the examinatiou of the country just referred to, and extending northwards to 
the Junma, by Calpi. 

Mr. Hacket has been examining the Jabalpur country, with the advantage of the 
recently completed detailed maps to record his observations, and I hope the present season will 
see this district completed. 
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Mr. Ball, as stated in last year's report, was depnted to revise the maps of the Rajmahal 
hills, which aie now ready for publicatioD, so soon as the copper plates of the sheets of the 
Indian Atks can be obtained from England and the maps transferred to stone for the 
geological lines. In the present season Mr. Ball has proceeded to the south of the Chota 
Nagpdr country and Sirgigah, with a view to determine, at least approximately, the bound- 
aries of the extensive spread of coal-bearing rocks which there occur. For a large portion 
of this country maps are now for the fibrst season available. But there are still unportant 
gaps, for the phms of which we shall have to wait for some time. Still it is hoped that we 
will be able to fix the boundaries with, at least, approximate accuracy over a very consi- 
derable area. Progress in these districts is unavoidably slower than elsewhere. Much of 
the country is without a road at all, and much of it is accessible only with elephants. 

In the early portion of the year, Mr. Ormsby had completed the revision of a large 
portion of the Bhaugulpore country. But his illness, and lamented death, prevented the 
final completion of the maps of that area. 

Mr. Mallet, who rejoined the survey towards the end of the year, has resumed the area 
on which he was last engaged, viz., the southern parts of Mirzapur and the adjoining parts 
of Rewah, Ac., in the same valley. These are said to be rich in mineral wealth ; and we are 
DOW for the first time able to take advantage of the recently completed maps of Rewah, iui., 
and to use them as records for the geological observations. Mr. Mallet had, on his return 
from Europe, been ordered to stop at Aden, and examine Aden and the country lying to the 
wnrth of it between the peninsula and the hills with a special view to determine whether 
the principle of Artesian wells could be applied there with any prospect of success, in order to 
increase the supply of good water to the cantonments. Mr. Mallet's report on the geological 
structure of this country will shortly appear in the Memoirs of the Survey. 

In Madras, by the absence of Mr. King and the death of Mr. Oldham, the party of the 
i^arrey was reduced to only one, Mr. Foote. He completed the geological mapping of a 
considerable area of country, stretching along the valley of the Upper Kistna and adjoin- 
ing area. Here the chief object has at present been to determine, on the one side, the outline 
of the great Deccan tn^ rocks, which have overflowed all the earlier formations, and oover 
them with a thick and nearly continuous spread of old volcanic lavas and muds, and, on the 
other hand, to fix also the general boundary of the inmiense area of fundamental gneissic rocks 
vhich constitute the basement rocks of everything else. Between tfiese two, various other series 
crop out irregularly, and it is important to determine what these may be. This is the posi- 
tion which the ooal-bearing rocks of India, among others, occupy, and there seem no sufficient 
reasons, a priori, why detached portions of these should not occur along the boundaiy in its 
KiQth-westeni comer, as well as on the north-eastern. Hitherto no trace of them has been 
foand, but, of course, we can only speak with any certainty r^^arding that portion which has 
been examined. Mr. King, who has recently returned from leave, has now rejoined the Madras 
party, and has taken up the continuation of the same boundary lines to the north by east, and 
Till, I trust, during the present season, be able to carry his geological examination at least as 
far as Koolburga, while Mr. Foote will more especially extend his enquiries by the south and 
west to the Belgaum area, so as to join his lines with those already mapped some years since 
bj )(r. Wilkinson in the Kokan and southwards to Goa. 

At the commencement of the year, Mr. W. T. Bhuilbrd was actively engaged in the detailed 
examination of the Berars and of Chanda district, and had neariy completed the portions of 
the Berars lying north of the Pem or Fein river. He was then specially diverted from this 
to visit and obtain a general idea of the extent and valoe of the coal-fields which had been 
for more than thirty years known to exist in Bilaspor, near Korba, Ac No topogn^hical 
inaps of this oonniry, excepting in small detached areas, had been pobliahed i^ to date, and 
a detailed examination was, therefore, impracticaUe. I believe it was the hUe Cokmel Ooseley 
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who first announced the eiistenoeof ooal near this place, (as 'disoorered March 14tJi, 1840,') 
and the fact had been noticed in all mape iasned subeequently. The place had alao been Tisited 
by several Forest Department Officers and others, and it was well known that coal was risible 
in detached localities extending over a considerable area. And although not having sorvej 
maps to work with, the (Geological Department could not, in obedience to the instructions thej 
had received, take up the examination in detail, it was highly desirable to obtain a general idea, 
with some accuracy, of the extent and probable richness of these coal-fields. The vast import- 
ance of these fields, whenever a direct line of railway to connect Bombay and Calcutta 
might be brought into operation, had more than once been insisted on by myself and been most 
strongly urged. Mr. Blanford, therefore, proceeded there, and the results of his general exami- 
nation have already been published. It is needless to enter here on the details, which will be 
found in the May number of the Records of Qeolcgical Survey of India, 1870. It will suffice 
to say that Mr. Blanford satisfied himself of the existence of very thick and extensive beds of 
coal, yielding fuel of fair quality in abundance, and oovering a large area. He also traced out 
the continuance of the same rocks with coal far to the eastward, and in the country lying 
between Korba and Ranchi, in Oodeypore (Udipur), Jushpur, &c. 

Mr. Blanford was also requested to take advantage of his being in that vicinity to 
examine the lead vein, reported, by Mr. Smart of the Revenue Survey, aa occurring at 
Chicholi near Baipur. This would appear to hold out promise of being valuable. At least 
there is nothing in the appearances inconsistent with the occurrence of a good vein of 
lead and copper ore below the surface. But as the place has not been opened out, and no 
works have as yet been undertaken on the lode, it is impossible to determine aceumtelj 
its value from surface examination (Records, GeoL Surv., India, 1870, pt 2, p. 44). The 
yield of silver in the lead ore proved equal to 9 oz. 19 dwts. to the ton of lead. All Uiis 
country is, however, at present so difficult of access and so entirely without the means (^ 
free inter-communication with adjoining districts that no extensive works for the econo- 
mizing of these valuable mineral products could be undertaken with any prospect of 
success. There is an immense area here of country very rich both agriculturally and 
mineralogically which must remain unimproved until its communications be extended, and 
it be brought into contact with the ports of shipment and the more populous territories 
lying both east and west of it. 

Mr, Hughes was, during the whole of the early part of the year, engaged in the 
careful examination of the coal-bearing rocks of East Berar and Chanda, and is still 
carrying out the same. After I had myself left these fields at the beginning of Blarch. 
I entrusted the sole determination of the proper localities for boring operations in the Berars 
to Mr. Hughes, and with the aid of Mr. Bateman Smythe, who had the actual work under 
his control, most successful progress was made in tracing out the continuous extension of 
the thick beds of coal up close to the northern extremity of the East Berar district The 
monsoon having put a stop to these borings for a time, as there was nowhere in the district 
where good shelter could be procured, the tools, Ac, were all removed to Yeotmahal, all 
repaired and rendered useful again. And on the opening of the season, Mr. Smythe at once 
commenced other borings, and found the coal at or near the village of Pepra or Pipar in the 
north-west of the field, and subsequently near to the river Wurdha, close by the village of 
Suini, or Sewnee, which lies west by north of the town of Wurrora, about seven miles. This 
is the most northerly point at which the coal has been as yet proved in these fields. It i« 
in a right line not more than 35 or 36 miles from the station of Wurdha, on the Great 
Indian Peninsula Railway. Under Mr. Hughes* direction, Mr. Smythe, having thus carried 
up the coal to the extreme north limit of the Berars at this part of the boundary, has since 
commenced testing the extension of the coal more to the west, and with a view to prore 
whether it continues under the overlying trap rocks, has commenced boring to the west and 
north of the former sinkings. 
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The confotuinoe in almost tmbroken extension and in thick beds, at no p<nnt more than 
fO yards from the sut^ekm, of ooal, easily accessible, and abundant liiTonghont abnoat the entiie 
Ingth of the Wnn district in East Berar along the yalley of the Wnrdha, has been thorongbly 
established by the Geological Surrey in a portion of one season's work. Not a single boring 
hu fidled imdw Mr. Smythe's charge, or Mr. HeppeVs, while so engaged. And sufficient is 
BOW known to justify the actual commencement of sinkings and establishment of collieries 
with a certainty that they can be conyeniently placed for working. Mr. Hughes has shown 
much judgment and skill in fixing the localities for these borings since I leA^ and has been 
Toy laooesafiil in working out the geology of the district. 

Mr. Fedden, during the same time, was mapping in the area covered by the trap rocks 
to the north, north-west, and west of the coal-field, so as to fix accurately their boundaries 
in the vicinity of the coal-measures. There is a very large area to the north which has not 
been yet visited. And this work is being continued in the present season. 

More recently the recurrence of the coal-bearing rocks to the north of the area covered 
bj the outlying portion of these great trappean flows near to Wurrora has been pointed out 
by Mr. Fedden and at once communicated to the Central Provinces Government, so that 
trial borings may be carried out in that locality. It is near Khandalla, a village about 
5| miles nearly due north of Wurrora. This area had escaped the notice of the party who 
have been boring all the season close to Wurrora town. 

In the number of these Records for May 1870, 1 gave a brief sketch uf the knowledge 
which had then been obtained of the structure of the coal-fields in that part of the country. 
Since then there has only been little more than a month's work, so that there has not been 
mach addition to this knowledge. At the close of last April also, I am happy to say the 
charge of the actual trials and borings within the area of the Chanda district was trans- 
ferred to the Government of the Central Provinces, and for any explorations made in that 
area since then the Geological Survey is not responsible. Before leaving the field for the 
monsoon recess, Mr. Hughes pointed out a proper locality for boring near the town of 
Warrora, south of the trap rocks already spoken of, and coal has been found near there. I had 
also stated in the report alluded to, (Records, Geological Survey, India, 1870, No. II, p. 43,) 
that a boring would probably be required in the vicinity of that town. I am informed that some 
fourteen or sixteen borings have been undertaken there, and that coal has been proved in three 
or four. It proves to be, exactly as was anticipated, irregular and less abundant than 
in the adjoining territories. 

As there would seem to have been some misapprehension as to our views, arising from 
a hasty reading of the expressions in the report referred to, it may be well here to refer 
again to the statements made. In calculating the area under which coal could fairly be 
estimated to extend, the portion of the district covered by the thick flows of the trappean 
or volcanic rocks was rejected from any present consideration, because it was said, " this 
" thickness of trappean rocks efiectually conceals everything beneath them, and, looking to 
** the great irregularity with which the coal rocks are overlapped, and the impossibility of draw- 
" ing any sound conclusion either as to the place or depth below the surface at which coal might 
"be found, fully justifies our putting the entire of this area out of calculation in estimating 
" the extent or quantity of the coal in these Wurdha-river fields. A boring will be put down 
*'to the north of this large area of trappean rocks, where the lower beds are again visible 
"over a small area near Panjoorni, a village about six miles north-west of Wurrora, and pro- 
"bably near Wurrora itself," (that is, to the south of the same area). "But with this exception, 
"there will be little use in testing the rocks frirther on that part of the field at present. It 
** is not at all intended to assert that the coal group does not extend under a considerable 
" part of this area, but if it does so extend, the chances of finding it are so uncertain, and 
**the depth at which it probably occurs so doubtful, and in any case so much greater i^an in 
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M^^oining areas, that^br ihepreient at Xmti the ooal, even if foand, could not be woHced 
to the same advantage or eooaomy as elsewhare." Nothing can be dearor than that it was 
anticipated that coal would be found near Wnrrora to the south of this ana of tnppeao 
rocks, and again possibly near Panjoomi to the north of the same area. 

It is the more necessary to point these facts ont, because geological maps of ibis part 
of the country have been published since then in public documents which entirely misrepresent 
the true state of the case, but for which the Geological Survey Department is in no way 
responsible. This area of trappean rocks, which is most obviously an outlying or separated 
portion of the immense extent of overflowing volcanic rooks, which cover some thousands of 
square miles of the Deocan, and close to the general boundaiy of which this area ties, ia stated 
to be of " trap rocks coming up through the sandstone" in one case* and is represented as a 
"trap dyke" in another .f Any geologist will at once see the vastly important difference in 
the two views here alluded to. In the one there is not only a chance, but almost a certuotj, 
that the coal will be found under a part at least of the area covered at the surface bj these 
rocks, (though we still think this may better be put out of any calculation for the present,'* 
while, in the other, everything would be cut off, and there would be no prospects of proviog 
the extension of the coal-bearing rocks at all. The same maps, which are issued in a way 
that might lead to the supposition that they had been furnished by the Geological Survey of 
India, represent the structure of the country very erroneously more to the south. I am not 
aware of anything to justify the extension of the Talcbir rocks in a broad belt acnws the 
entire field up tx) the crystalline boundary on the east, and I believe there is no foundation 
for this representation. Certainly no such idea is held by the Geological Department, which 
is in the same paper stated to have been working out the structure of the field, and which 
might, therefore, be supposed to hold the views represented on these maps. 

It had been my interitiou to prove the detached areas of sandstones near to Na^ur 
during the past season. This could have been done without intei-fering with the real progress 
of other enquiries. I am not aware that anything has been done in this direction. 

In the report referred to on the 'Wurdha river coal-fields,' I pointed out that so 
far as information had been obtained up to that date, there appeared to be no qaestion that 
any line of railway to these fields, if laid out with the object of commanding the widest 
area and largest amount of traffic for a given outlay, ought certainly to be carried into the 
Berar country. And there has been nothing since discovered tending in any way to modify 
this opinion. There is coal, and enough to supply the demand, in the Chanda dii^trict. 
But it is neither so conveniently placed, nor so continuous, nor so economically workable, as 
in the Berar district. While the latter has the very great collateral advantage of opening out 
one of the richest cotton districts in India, whereas there is little or no cotton, comparatively, 
in Chanda, and the nature of the soil precludes any hope of much extension of its culti- 
vation. It would certainly appear an almost neeestary consequence of the geological struc- 
ture of the country, that any line, intended to accommodate the largest amount of tralBc 
in these two staples — coal and cotton — must be carried on the right bank of the Wurdha 
river, at least south of the junction of the river Wunna. Any tonnage of coal likely to 
be required itova these fields would be common to either line, while the very large cotton 
trade of the rich districts of Berar, Edlabad, and all to the south, can only be accommodated 
to any useful extent by a line passing into, or through. East Berar. 

In connection with the examination of these important fields, it is only a matter of 
justice to the officers of the Geological Survey to point out that, at the first, it was estimated 
that four years would be required to explore fairly and to determine properly the value oS 

* Report of AdminiAtTBtinn of Central ProvincM, 1869-70, p. 70, Map. The worktnpi of the Qeologieal Sunre? 
Depftftment have never been, aa here atated, under the dfreotion of Mr. M. Fryar. 

t Mtninir Jonmal, London, Oetober 8, 1870. 
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the coal-fields, with the foil Btaff sanctioned for the purpose, while not more than one and 
I kalf yean haye already elapsed since a commencement was made. And daring even this 
time those engaged have heen diverted to other work. It seems to me not only rash, hut 
pitirelj obstructive, to huny on to conclusions, which must he as imperfect as the data on 
viuch they are haaed. The topographical maps of all the field are not even yet published, 
and without these no good geological map can be constructed. Still the greater part, if not 
ill, of East Berar has been examined, and a considerable portion of the west side of Chanda. 

Bat much still remains. And this must just be worked out in the same way, steadOy 
pn«eeding from the known to the unknown, following up the details of the rocks, and care- 
nillj putting together the isolated facts which are visible in this much covered country till 
'.he structure of the whole can be built up. It is simply nothing but the wildest speculation to 
think that you can safely leap to a conclusion, or expect to accomplish in five days or even five 
nunates what would take more nearly five years to do. Let ns apply the consideration to 
ether countries. Any one, no matter how ignorant himself, who would demand a detailed 
eomination, report, borings, Ac-, of the country between Liverpool and London in a few 
weeks, would either be pitied as out of his senses, or laughed at as unworthy of a reply from 
his ignorance. And yet here, if the demand were perhaps met by a simple statement of the 
ifflpossibility of complying with it, this determination not to attempt what was impracticable 
Tould very possibly be thought dilatory. 

The discovery of this coal on the Wurdha river is of no recent date. It was publicly 
mide known and exhibited more than forty years since. On the 19th August, in the year 
IK^, Mr. J. Prinsep, the Secretary to the Asiatic Society of Bengal, laid before the Society 
a specimen of bituminous coal from the banks of the Wurdha river near Chanda, (Gleanings 
ID Science, Vol. II, p. 386,) and in the next year, Mr. Prinsep gave the results of analysis 
of this coal, stating then, as we have had to do since, that it contained more than 20 per 
ttQt of ash, and also a larger proportion of volatile matter than usual, which, he adds, might 
enable the coal, though of little use as a fuel, to be turned to profit for the gas, which it 
gives out in great abundance {tbid. Vol. Ill, p. 381). This coal has siuce that time been 
noticed by several others ; it was rejected as not coal at all by many, and it was, in late 
yean, only first declared positively to be good coal by one of the officers bf the (jeological 
Sorvey (Mr. Blanford). A rough sketch outline map was that very season made. But no 
Stalled examination could be taken up until the detailed plans were ready. The Geological 
Sorrey has since traced out the limits of the field, and has made considerable progress in 
tbe detailed examination of it. These seem to me to be the proper duties of that Survey, 
leaving the working of the coal to those more immediately interested in the success of the 
undertaking. And in doing this, the Survey only follow up the definite instructions they hare 
received to confine their operations to such portions of the ooontry as haye been carefully 
m^ped by the regular survey establishments of the country. 

The coal-fields known to occur in the lower Godavery near Dnmagodium, for the 
extmination of which no fnnds were provided last year, have been taken in hand during 
the present season, and Mr. W. Blanford has proceeded there for the purpose of examining 
tbem and determining the best localities for actual borings. These are the most southerly 
Uiolities in India at which coal is known to occur, and their geographical position renders 
them of high importance. 

Among the many wild statements of the ' discovery' of coal and other minerals which 
ooDstantly find their way into the columns of newspapers, and give rise to much speculation 
•ud excitement, one of the wildest seized on the public during the past year, and was urged 
officially on the Government of Madras. It was stated that coal, * excellent steam coal,' * very 
different from Indian coal,' Ac., Ac., had been found near Gooty within a very short distance 
of the railroad and most conveniently placed. I took no notice of the first announcement 



8 Records of the Geological Survey of India. [tol. iv. 

I saw of this. But when it was circamfttaDtiallj stated that not only ooaL but numbev 
of fossils, both animals and plants, identical with those which characterized the coal-field« d 
Scotland and England, had been procured in the same place, these details almost made one douW 
their own convictions. I should have given nothing for the stated occurrence of ' fossil ferns anj 
beautiful specimens of coal plants,' because I had, years before, received from the same neighi 
bonrhood and sent by the same person as now announced the discovery, a large ooUection ol 
what were then called * beautiful coal plants/ but which on examination proved to be nothing \M 
the dried and squeezed rootlets of common grasses which had inserted themselves betweee 
the cleavage planes of a true slate, and had been attached to the surfaces by a little very fim 
impalpable mud carried in by water. The slightest application of water washed off everp 
trace or marking of these so-called beautiful fossils. I was therefore prepared for the 
assertion of 'coal plants/ but the production of a few shells said to be from rocks which had beei 
carefully examined before, without yielding a single organism, was still to be explained 
Mr. Foote was requested to visit the locality on his way t(i the season's work, and I purposelj 
left him without the geological maps which had been constructed by his colleagues, desiring 
to leave him without a chance of having his own opinions influenced by the views of others. 
His results are given in a very clear and concise statement published in the first number of 
the ' Records,' 1871, and it will be seen that there was not to be found a single bed of rock 
agreeing either in colour or texture with that containing the fossils said to have been brought 
from that district, but which, it appears, had been previously lying unlabelled, mixed up with 
other fossils of all ages and localities, and picked out from this aggregate of confusion. 

The coal, which certainly was, as described, ' good steam coal,' and *' very different fn>m 
most Indian coals, " was found just in the line followed by carts which had drawn a large 
quantity of similar coal to a contractor's dep6t not three miles off; and to test the extent of 
this coal, the Government were recommended to commence boring in the granite-gneiss on 
which these dropped fragments were found ! ! Anything evincing more lamentable ignorance 
of the very first elements of geological or mineralogical knowledge than the whole afiair it 
would be impossible even to conceive. 

This was an instance in which tbere could not be the slightest doubt that the gentleman 
who brought forward the matter did so in all sincerity of purpose and honesty of belief in 
its truth, fiut during the past year, it has been also our duty to expose a very deliberate 
but amusing fraud leading to the belief of the existence of coal where it might possiUy have 
occurred, although it was highly improbable that it did, and where the sanguine antici- 
pations of those who first made known the supposed discovery led them to picture in glowing 
colours future results of magnificent dimensions. These illusions led also to serious and 
costly practical results, which a little calmer consideration would probably have obviated. 

At the commencement of the year, it was publicly stated that thick and valuable beds 
of coal had been unexpectedly found while boring for water within the precincts of the 
new Central Jail Buildings at Midnapore. This ' discovery' was widely published, and the 
most sanguine anticipations of results were put forward. Dr. Mouat, then Inspector General 
of Jails, took up the question very energetically. Such tools as could be procured here were 
obtained, and the borings were prosecuted with great vigour under the able charge of 
Major J. D. Swayne, the Executive Engineer in charge of the works of the jail. The matter 
did not come to the Geological Survey till some months later. In March, Dr. Stoliczka, then 
in temporary charge of this office during my absence, reported to the Government of Bengal 
that the specimens of coal which had b^en sent indicated a valuable fuel, but that as 
nothing whatever was then known of either the dip or strike or thickness of the bed, all of 
which were entirely concealed by a thick covering of laterite and lateritous clays, Ac, no 
correct idea could be formed as to what quantity of coal might exist in the locality. Borings 
were, therefore, continued and others made. The specimens of coal sent up irom time 
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t»time weie dUl of the same kind, and all in aunikur pieees. The Talae of this coal was 
teted by assaj, but any opinion as to the real valne of the ' disooTeiy' was withheld until 
i^^r actually visiting the place. In the middle of April I went to ^lidnapore, hoping to find 
•kt the boring (Xo. 4) then in progress would hare reached the ooal by the time of my 
eival, and that I should be able to judge better of the nature of the bed from seeing how 
tb firagments came up in the boring tools. I remained several days* but r^ret that I 
fisied to see the ooal, which was stated to haye been reached some few days after my return. 

However, I had the advantage of cross-questioning the man in charge of the borings, 
nJ I ascertained hxm him that no actual bed of coal had ever been cut, but that, as he 
Ated, throughout a deptii of nine to eleven feet, the fragments of coal had been brought 
3p mixed with the soft slush of the red day in which the tods were sinking. From 
tie moment I fixst saw the specimens of coal said to have been brought up, I believed that 
% could not have been the result of the cutting of any solid bed. And it was on my 
luting this to the man that he at once explained the matter as I have said. His answers 
1^ clear and consistent, and the facta, if they were facts as stated, were easily reconcilable 
vith a supposition that the tools had just struck the loose outcrop or top of a bed of coal, 
^ detached and broken portions of which had become mixed up with the days above. To 
test these stntementa, and to prove the continuity of the coal, if it existed, the boring 
fk iveie at once moved as &r to the apparent dip of the supposed coal as the limits of 
& jail grounds permitted. A boring in this locality ought certainly to give, if the statements 
vff« correct, a sufficie&t covering of rock over the coal to preserve it from any such 
^(biitore with the clays as appeared \o occur in the other borings, and would also give a 
sAdifacioiy indication of the amount and direction of dip of the bed, if it proved continuous. 

This boring (Nou 6) was commenced, but owing to the soft nature of the clays and 
aodfi through which it passed and the want of tubing, combined with the bad boring tools 
It command, it was ncoesaarfly abandoned before it had reached the required depth* After 
a<imy of nearly a coufJe of w^^'^t^^ tubing was procured, and another boring was put 
^ close by. This was in September. I communicated my suspicions to Major Swayue, 
3id asked him to take precautions to prevent the possibility of any repetition of the trick, 
^I suspected had been played, of putting coal down the bore holes that it might he brought 
B^ again. And this boring was carried down some 320 feet, but, as Hajor Swayue states, 
'lot a single trace of coal was found subsequently to the date on which these precautions were 
t<ikeQ\ To satisfy himself more thoroughhr. Major Swayue then very judiciously commenced 
^Qtv boring close to (within a foot or two of) the fbst boring in which eleven feet y'leUing 
•^iwere stated to have been passed through. Before this wis coBBMBsed, ntw aad 
Wt tools had been procured finmi ^<r^^9.r^\ and the bonng was rapidly aad easily 
<ani£d out. 

The boring had, however, onfy reached about half the depth at which tiie coal was 
'M to occur, when the man in charge disappeared without leave and under very suspicious 
"inmstances. Afler he had thus absconded, his house was searched under warrant from a 
Magistrate, and some coal was found partly in lumps and partly broken up. And on eamp«i' 
^a of this with that said to have been brought up firom the borings, they proved identicaL 
^, howcTer, although very strongly corroborative of the suspicions entertained, was not 
*'^ient to establish the facta : so the borinor was continued and carried right ^irough the 
^ W depth at which the coal was, in the first instance, stated to occur. But so* a trace (^ 
•%/ vat found. 

Tiieae lesults appeared sufficient to justify stopping all further borings with a view 
^^ test the extent oi the coal which was ahown not to exist. One only will be continued to 
I^Te the actual thickness of the covering cUys, sands, &e., in thii part of the district 
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Briefly then, four borings had been nearly completed before the Gleological Survey had the 
matter brought before them, in all of which coal had been stated to occur at abont the same 
depth from the surface. A fiflh boring was necessarily abandoned from want of proper tools, 
and the sixth discovered the fraud. The last boring put down dose by the first was simply 
put down as a confirmation of the results obtained from the others. And so &r no evidenop 
whatever has been obtained that coal occurs at all in this Midnapore locality. 

The trick of putting coal down a bore hole so that the boring tools may again bring it up, 
is by no means an unknown one. It has frequently been practised in Europe, ^., and I 
believe this is not the first time it has been resorted to in India either. Some useful lessons 
may possibly be learnt from such a detection. One is the delay and doubt inevitably 
engendered by the use of inferior and unsuitable tools for such enquiries. Some months 
would have been saved had there been available proper boring tools and piping in the present 
case. And it was simply impracticable with the bad tools at command to l^eep the boring 
holes as clear and free as they ought to have been. It would also seem both injudicious aod, 
therefore, costly to employ doubtful characters in matters when so much must be taken on 
their statements. And certainly, if men are put to such work, it would be wiser to pay them 
in proportion to the work they are called on to execute. The man in charge in the present 
case was at first a convict, and when released, he received only a wretched pittance, barely 
sufficient to keep him from starving and certainly not sufficient to place him above the 
temptation of trying to eke out his living in other ways. It is highly probable that better 
pay would not have kept him from attempting such frauds, but the chance of his indulging 
in them would imquestionably have been diminished if he had been placed above want. 

But if such rogueries be sufficient to indicate the serious responsibility which attaches 
to those who without enquiry hurry before the public with highly coloured and exaggerated 
statements of such ' discoveries ' and so mislead every one else, the time and money will have 
been well spent. If there were not a hasty and unthinking desire to gain a little fame 
and reward by the immediate announcement as a discovery of what was qnite nnproven, I 
have no hesitation in saying that similar tricks, even if once attempted, would certainly not 
be often repeated. 

Major Swayne, the Executive Engineer in charge of the jail works, has throoghont 
exhibited a very earnest and intelligent desire to test the truth of the statements made, and 
would certainly have proved the facts before publicly announcing them. 

I refer more particularly to these considerations because aa an immediate consequence of 
this much trumpeted discovery of coal at Midnapore came an urgent request from Madras, 
t^at a very large reward (two lakhs of rupees, £20,000, was first mentioned, afterwards 
reduced to one-half of a lakh,) should be ofiered for the discovery of a workable bed of coal 
south of the 17th parallel of latitude in India ; the coal to be of a specified quality, and the 
seam of specified dimensions. 

This reoonunendation was based distinctly and directly on the assumed fact that a bed of 
coal, 13 feet in thickness, had been found at Midnapore beneath a thick superficial deposit of 
laterite, where all the lower rocks cropping out in the neighbourhood were crystalline and 
much older than the coal-bearing deposits. It was urged that " the discovery of coal under 
such circumstances is without precedent," but that the precedent being once established other 
such discoveries might fairly be looked for elsewhere. And that as it was known that in the 
Madras Presidency vast tracts of country existed in which the geological formation of the 
surface agrees with the above description, no reason appeared why the discovery of ooal should 
be a more improbable event there than at Midnapore. 

It might suffice here to point out that as the coal has really not been found at Midnapore, 
all this reasoning, supposed to be safely based on that discovery, must fall to the ground. 
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Bat as the whole thing appeared to me to be a baseless illusion, I had to point out the seasons 
for tliis opinion. This may best be done by quoting the letter addressed to the Government of 
India on the nuitter ; in this, after speaking of the terms on which it was proposed to offer 
such a reward for the finding of coal, and stating my belief that nothing was likely to result 
froni aueh a procedure, but a useless waste of time and money, I went on to say, — " I am 
convinced of this not only by the general experience of the result of such offers, but even 
more by the grounds on which the offer is recommended. This recommendation appears 
to me to be based on an entire misconception of the facts regarding recent discoveries 
of coal, and it may, therefore, be well briefly to indicate, for the information of the Consulting 
Engineer for Railways in Madras, as well as others, how those facts really stand. Major 
S. Stewart refers to a generalized statement of mine as to the geographical limits within 
which the great development of coal-measures in India has been confined. That this was a 
very general statement he would have seen from the fact, that the coal of Assam, of Eastern 
Bengal, and of many other places were excluded ; and so far as the argument that the product- 
ive coal-fields of India are confined to one belt across the peninsula, it was of exceedingly 
little importance whether the southern limits were given at the 20th degree or at the 18th 
degree of north latitude. In fact, if the map which accompanies the report referred to 
had been looked at, it would have been seen that the coal-bearing rocks were shown to 
extend below the 20th degree of latitude, and also that the country still further to the 
south was shown to be unknown geologically, regarding which, therefore, nothing was 
attempted to be asserted. The southern limit of the coal-bearing rocks has since then been 
carried further to the south than was then (1867) known, but only within the limits then 
indicated as unexamined." 

" It is entirely correct to state that great difficulty presents itself when any attempt is 
made to form general conclusions regarding the mineral resources of so vast a country. 
But this difficulty only arises firom the impracticability of actually seeing this vast area 
and the necessity of trusting to the information of others. There is no real difficulty in 
determining the facts wherever we can examine the country. Reports of mine are also 
quoted, stating that coal had been found in the borings in the Chanda district at places where 
its existence was entirely unknown or unsuspected. It was clearly not unknown or unsus- 
pected by the Geological Surveyors, as they selected the points at which the borings were put 
down. But it was asserted that it could not possibly exist there by so-called practical 
engineers, the very class whose aid it is proposed now to invoke." 

The letter goes on to argue, that because coal has been found at Midnapore under 
laterite» and because a considerable portion of the Madras Presidency presents a surface 
formation of laterite also, it cannot be se^i that the discoveiy of coal should be a more 
improbable event there than at Midnapore. 

" We are not in any way responsible for the statements or descriptions given in news- 
papers, but those quoted above certainly do not represent the facts correctly. The seam 
of coal (the thickness of which by the way is as yet quite unknown) does not underlie a 
thick superficial deposit of laterite in the ordinary or proper sense of the term. It occurs 
in a series of beds of sandstone, ^., of totally distinct age from the laterite, and which had 
been disturbed, broken up, and very largely denuded or worn away before the nearly horizontal 
beds of the laterite and lateritous clays were spread over them ; that is, the continuity or 
position of one formation is not the slightest clue to the continuity or positbn of the other. 
The lower rocks also which crop up in the neighbourhood are not crystalline. The czystalline 
rocks show a long way to the west. But wherever there is any trace of other rocks under 
the laterite, those rocks are sandstones, which have become much impr^paated with iron from 
the laterite above, and have, therefore, lost a good deal of their distinctive characters. It is 
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away, after oatalo^ng, in boxes, a Tery laige part of the series, and sinqply atore them in i 
godowns ; this difficulty which involves a very large shaze of additional work, whenever red 
ence to, or comparison oi^ these specimens becomes necessary, will be unavoidable uotil { 
Museum obtains proper space for the exhibition of its collections and for rendering th 
accessible to those who desire to study them. 

Mr. Tween, Curator, has been steadily progressing with the detailed examination of 1 
coals of India in connection with the detailed experiments as to their actual * duty', which i 
being carried out by Colonel H. Hyde, B. B., at the Mint Offices. When completed, it is bof 
that these combined assays and actual triab will give a very much more tmstworthj a 
accurate test of the relative values of the various coals of India, than haa hitherto be 
obtainable. The specific gravity of each coal is carefully determined, and the general assay i 
composition; and then careful analysis of the ashes of the coal is made, ahowing t] 
nature of their composition and the presence or absence of ingredients, which, though in sua 
quantities, would exercise possibly a very seriously injurious effect on the results of the en 
ployment of these coals in manufactures, such as smelting of iron, Ac. 

Mbteobites.— As stated in the Records of the Survey, 1870, pt. 4, p. 104, we hai 
added to our large collection of Meteorites, during the past year, specimens of the iaH i 
Hessle, near Upsala, on the Ist of January 1869 ; of that of Kemouve or Cleguerec, Moris 
ban, France, of the 2drd of May 1869 ; also a fine specimen of the iron of Deesa, Chili. 

As customary, an index map on a small scale is appended, showing roughly the preseo 
state of the survey ; as also a list of those Societies or public Institutions from which w| 
have received publications during the twelve months in exchange for those of the Gcoiogici 
Survey of India. 

The various collections are all in as good order and safe keeping as the nature of tk 
accommodation at our conunand will permit. 

T. OLDHAM, 

i 

GBOLOGiCiX SuBTBT Officb, I Supdl. qf GeoL Survey of Jndi<h a"<^ 

January, 1871. ) Director of QeoL Mueeum, Calcum. 



List of Societies and other Instituiionit if'c, ftwn which publications have been received 
in donation or exchanye for the Library qf the Oeoioffical Survey qf India duriag 
the year 1S70. 

Bblgium.-* Academic Royale des Sciences, Bruxelles. 
Bbbliv. — Royal Academy of Science. 

„ Deutsche Geologische Gesellschaft. 
Boston. — Society of Natural History. 

„ Musexmi of Comparative Zoology. 
Calcutta.— Asiatic Society of Bengal. 
Agri-Horticultural Society. 
Public Library. 
Cahbbidob u. 8.— -Museum of Comparative Zoology. 
DBBSDBN.^Naturwiss. Gesellschafty Isis. 
Dublin. — ^Royal Society. 

Royal Geological Society* 
Royal Irish Academy. 
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^DiKBUBGR. — Boyal Society. 

„ BojbI Scottish Society of Arts. 

FLOBBKGS.-*Geolof?ioBl Society of Italy. 
GOTTiNOBM. — Konigl. Gesellschalt der Wissenschaften. 
Lausannb. — Soci^t6 Yaudoise des Sciences Naturelles. 
London. — ^Boyal Institution of Great Britiun. 
Boyal Geographical Society. 
Boyal Society. 

Boyal Asiatic Society of Great Britain and Ireland. 
Geological Society. 

Geological Survey of Great Britain and Ireland. 
Society of Arts. 
Moscow. — Soci^t^ Imp^riale de Naturalistee. 
MilNiCH. — The Academy. 
Nbuchatbl. — Society of Natural Science. 
Nbw Tobk. — Museum of Natural History. 
NoBWAT.— Boytl University of Christiania. 
Palbbmo.— Consiglio di Perfezionamento di Palermo. 
Pabis. — Comm. dee Annales des Mines. 
„ Soci^t^ G^ologique de France. 
Phiuldblfhia. — ^American Philosophical Society. 

Fraiiklin Institute. 
Academy of Natural Sciences. 
PoBTLAND. — Society of Natural History. 
BooBSBB. — Thomason College of Civil Engineering. 
Salbm. — Essex Institute. 

„ Peabody Academy of Science. 
Stockholm. — Boyal Academy of Science. 

,, Bureau de la Bech. Geol. d. 1. Suede. 

St. Petbbsbttbo. — Acad. Imp. des Sciences de St. Petersbouig. 
ToBONTO. — Canadian Institute. 

TuBiN. — Boyal Academy of Sciences. 
„ Academy of Turin. 
ViCTOBiA. — Govt. Geological Survey of Victoria, Department of Mines. 
YiBNNA. — Xais. Akad. der Wissenschaften. 
„ K. K. Geologische Beichs-Anstalt 

WASHlNaTON. — Smithsonian Institute. 

„ National Academy of Sciences. 

ZUbich. — ^The Society. 

Governments of India, Madras, Bombay, Bengal, N. W. Provinces, Punjab; Chief Oom- 
missioners of Dude, Central Provinces, and British Burmah ; Surveyor General of India, 
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KbBULTS of an SNQUIBT into JLlSf AtLlOBD DISCOTJiltT OF OOAL NBAB GoOTT, UTD 
OF INDICATIONS OF COAL IN CUDDAPAH DISTRICT, b^ B. BbUCB FoOlB, F.O.8., 

Geological Subyst of India. 

Dr. Hunter in his letter to the Madras GoYemment which I perused by desire of the 
Honlale B. S. Ellis, c. b., the Chief Secretary, stated that he was led to exaiAine a certain 
piece of ground lying west of the Adoni road, and about five miles from Gooty, by hearing 
from a Sergeant Fenner, stationed at that place, that he had picked up fragments of ooal at 
the above spot. 

Dr. Hunter himself picked up OII0 or two more fragments of ooal, lying loose on the 
surface, at the same place, and from this inferred the exiatenoe of ooal below the surface, and 
recommended that a further search should be carried oat by means of * borings.' 

In order that no possible mistake should arise in identifying the spot in question, I 
requested Sergeant Fenner to become my guide to it, and accordingly Tiaitod it under his 
guidance. 

The place I was taken to proved to be sitnate among the metamorphio rooks, which, at 
that spot, consist of an extremely hard, massire and highly erystalline variety of granite- 
gneiss, forming a low rocky hiU west of Terragoody tank. This granite-gneiss, which 
weathers into great tors and rounded kunps, is of a pale, pinkish or greyish white color 
(when freshly broken) speckled with small crystals of black mica in oonmderable numbers. 
Both here and throughout the neighbourhood it is traversed by trap-dykes (generally of 
green stone) and small quartz veins. 

It was very evident therefore the coal fragments collected here could not have been 
derived from the underlying rock, but must have come from elsewhere, but no younger rocks 
out of which they might have been washed, or weathered, occur anywhere in the immediate 
vicinity. The nearest place at which younger rocks occur is fully eight miles to the eastward 
where beds of qnartzite and limestone appear ; these belong to the Cuddapah (E[adap£h) series 
which is nowhere known to contain coal or any carbonaceous mineral. That the fragments of 
coal found by Dr. Hunter and Sergeant Fenner could not have been washed there out of the 
Cuddapah rocks is quite clear, as no drift of any kind occurs at the level where the fragments 
in question were found, which cannot be less than from 30 to 50 feet above the nearest valley, 
that of the little stream which fills the Yerragoody tank. Furthermore the fragments of 
coal in question are perfectly angular, with an unweathered surface, never having been 
rolled by water. 

No fragments of coal remained at the time of my visit to the Yeiragoody hilL 

Sergeant Fenner pointed out as "most favorable indications of coal" according to 
Dr. Hunter, what proved to be the rather decomposed surface of a small trap-dyke exposed 
in a ballast pit close to the road. A hummocky intrusion of coarse dioritic trap was, on 
the same authority, given as " iron ore." 

In conclusion, I have no hesitation in believing that the fragments of coal foond by 
Dr. Hunter and Sergeant Fenner had been brought to the spot where found by some human 
agency. 

They were either brought from a coal dep6t belonging to Mr. £• W. Barnett, C. £., 
the Bailway Contractor, the remains of which may still be seen at the spot where the Gooty- 
Adoni road crosses the railway, a distance of only three miles from the Yerragoody hill, 
or else they may have been dropped from the carts in which Mr. Barnett carted a quantity 
of coal up to Adoni, previous to the time of Dr. Hunter s visit. 
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In the latter case the carts would have to pass within a few yardB of Dr, Hunter a 
sapposed coal-field. 

Among the remains of Mr« Bamett's coal dep6t at the crossing over the Hne, to which 
Dj attention was directed hy Mr. Barefoot, the very obliging Locomotive Foreman at Gooty 
Station, I picked up various pieces of slaty north-of-England coal identical in appearance 
with the sjj^ecimens from Terragoody hiU, which Dr. Hunter exhibited to His Excellency 
Lord Napier and the members of Council on the occasion on which I was desired to attend. 

2. — IndicatioTu of Coal near Cuddapah, 

Dr. Hunter's informant as to the existence of good indications of coal near Cuddapah 
was, I beUeve, a Mr. Adams, a soi'disant * experienced coal miner from Chanda.' 

The spot indicated as showing such promising indications of coal lies about five miles 
north-north-west from Cuddapah where the limestones (here belonging to the Kurnool 
(Karniil) series) have been largely quarried in deep pits, a little to the east of the vilkge 
of Chinna Mazapully. These pits at the time of my visit were quite fuU of water, but 
the waste heaps, which I went over carefully, showed not the fidntest indication of coal or 
coal shale. 

In addition to the negative evidence afforded by the waste heaps, I ascertained from 
Mr. Higginson, the Irrigation Company's Engineer at Cuddapah, who has worked the self- 
same quarries largely, and for weeks together been in the habit of constantly visiting them, 
that he has never seen the smallest trace of carbonaceous matter in any part of the rocks 
there exposed. 

As Mr. Higginson is not only an experienced Civil Engineer, but also a careful and 
thoughtful observer of facts, his evidence may be very safely accepted as conclusive of the 
non-existence of coal or coaly matter at this place. 

Dr. Hunter did not, I believe, visit this place personally, but merely brought Mr. Adama' 
supposed discovery to the notice of the Madras Government. 

3. — Fossil shells and petroleum near Byalcheroo, 

In his letter to the Madras Gk>vemment above referred to, Dr. Hunter further stated that 
he believed coal occurred in the rocks lying between Byalcheroo (in Bellary District, fifteen 
miles south-east of Qooty) and Cuddapah, and advanced three reasons especially for such 
belief; firstly, the presence of fossil shells ' TBrebraiuUe* in the limestone near Byalcheroo ; 
secondly, the presence of petroleum in limestones at Xhona Oopalapad, six miles north-east 
of Byalcherroo ; and thirdly, the black color of some of the limestones occurring between 
Tadputri (Taudapurtee) and Cuddapah ! 

Dr. Hunter produced before the Council two fossil shells (Terehraiula of a species 
somewhat resembling T. Kastaia) which he stated came from Byalcheroo, where they had 
been found some years ago by Major Bissett (since deceased, I believe), and added that the 
late Mr. Bobert Cole, Inspector General of the Indian Medical Department, Madras, had 
also collected similar fossils at the same place. 

As Dr. Hunter could give me no information as to the exact locality near Byalcheroo 
whence the fossils came, and I had not the maps of that neighbourhood, prepared by my 
colleagues, a great deal more time was required to investigate this point than would have 
been otherwise necessary. 

I examined a very large number of beds of limestone with intercalated slates, shales, 
quartzites, J^., ^., without finding the slightest trace of any organic form, some very 
doubtful worm-tracks excepted. 
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None cf the Um&itonet agree in color or ieseture with thai which yielded Dr, Hamiers 
epecimens, and I cannot help having the stroDgest doubts as to the correctness of Dr. 
Hunter's statement that the Ihrebratulai in question came &oni Byalcheroo, or any other 
place in that neighbourhood, as the statement in question rests only on the authority of hii 
memory, which in this instance has, I firmly believe^ played him false. 

When Dr. Hunter showed me those TJerebratula some days before the meeting of the 
Council, they were unlabelied in a drawer containing many other fossils from Europe, equally 
unlabelled, and mixed up together regardless of geological age, or natural orders. Whaterer 
Major Bissett's specimens may have been, I cannot but think that, from trusting too much 
to his memory, and from keeping his collections in a state of utter disorder. Dr. Hunter has 
made a mistake, and unintentionally taken some European specimens for Major Bissett's. 

The presence of petroleum in the limestones at Khona Oopalapad might o£fer some little 
support to Dr. Hunter's expectations of finding coal in the Cuddapah rode series, if proved, 
but unfortunately no petroleum can be found there. 

The only substance which, following his directions, could be found at Khona Oopalapad, 
either by Mr. Kelsall, the Acting Sub-Collector of Bellary, or by myself, was a dark brown, 
glistening, fcetid substance which has dribbled out of numerous small caves in &e face of 
the cliff overhanging the Eliona Bamaswamy Pagoda. 

This substance, though somewhat resembling petroleum in color, differs very markedly 
by refusing to bum. Before the blow pipe it volatilized without any appearance of flame. 

The small caves out of which this brown substance dribbles are tenanted by numerous 
bats and blue pigeons whose ezcrementa aze, by percolation of water in wet weather, oouTorted 
into a species of guano retaining a very unpleasant bat-like odour. 

The limestone cliffs in which this ' bat-guano' occurs do not bebng to the Cuddapah 
rock series, but are formed of a recent travertin deposited on the scarp of those older rocks 
by streams flowing from a more elevated plateau of limestone (of the Kumool (Kamul) series), 
which lies unoonformably on them. 

The small caves are mostly spaces left between numerous large stalactites in the traver- 
tin, others are of artificial origin. Tho travertin is still being formed, but probably in far 
less quantity than in former periods when the country was less arid. Numerous organisms, 
such as land-shells, and leaives of trees of living species, have been encrusted by the travertin, 
and their impressions aro beautifully clear. 

The * bat-gaano,' I find, had been pronounced by my colleagues, the late C. JE. Oldham 
and W. King, Junr., not to be petroleum. I was not aware of this till after my vLsit to 
Khona Oopalapad. 

In reply to a letter in which I drew his attention to the fact that the supposed petroleum 
refused to bum, Dr. Hunter informs me that the specimen he received from Mr. Smart, 
late Chief Engineer of the Madras Bailway, burnt with a strong flame, dropping and giving 
off much gas, but he does not know exactly from where Mr. Smart got it. I intend writing 
to Mr. Smart on this subject as soon as I can ascertain his present address. 

It thus appears that none of Dr. Hunter's statements have been substantiated, while 
the most important have proved to be entirely without foundation. These statements were 
no doubt made by Dr. Hunter in a sincere belief in the correctness of his deductions, but 
the latter, unfortunately, were based on a series of hasty, crude, and in some cases utterly 
incorrect, observations evidencing such a want of practical knowledge of geology and several 
other sciences that in future his ' geological discoveries* should be received with extreme 
caution. 
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MiNEBALOGiCAL STATISTICS OF KuMAON DIVISION, collected Under instructiong from thb 
CoMMissiONEB, CoLOWBL H. Eamsat, c. b., hj A. W. Lawdeb, Civil Divisional Engineer. 

While submitting these mineralogical returns for the past year (1869-70), I would caU 
attention to the statement commencing my last year's report, and to the remarks now 
made by Captain Garstin. While every care has been taken to check as far as possible 
the correctness of the details, still too much reliance cannot be placed upon them. It is not 
the special duty of any native officials in the several parts of the districts to collect the 
information required, and those from whom it is asked not understandiiiig the object for 
which it is sought^ or seeing any direct advantage to be derived therefrom, are liable not 
U) be overcareful in making their calculations ; and it should therefore be remembered that 
the figures entered are merely approximations and not actuals. Specimens from most of 
the mines mentioned in the returns having been received by me, I have endeavoured to give 
a description of their character and species, so fur as I can determine them by the ordinary 
rough tests. 



DETAIL OF LOCALITIES. 

KUMAON DiSTBICT. 

Ibon. — Agar Putti'-^Lusgani mime. — The specimens are rich in metal, of a laminated 
structure, black colour, are slightly micaceous, and influence the im^^etic needle. They 
may possibly contain Manganese. 

Agar Putii'—NuUh4a Khan mine. — A micaceous ore rich in metal, kuninated, affects 
the needle slightly. 

Agar Putti — Sutbunga mine. — A rich hsematite, influences the needle. 

Agar PuUi^Chdla mine, — Ore similar to that of the Nutthda Khan mine. 

Lukhunpdr Putti — Munia mine. — The ore is seemingly an earthy red hamatite, 
minute particles of yellow metal appear here and there, of which I have no means of testing 
the nature. 

Dardn Putti — Diguria mine. — This specimeu is also an earthy red hamatite. 

Rungourh Putti-— Diguria mine. — Ore possibly a clay ironstone. In parts affbcted by . 
acid similarly to spathic iron. 

Rungourh Putti—Julal mtn^.— This resembles micaceous iron schist. 

Kharai Putti — Lobe mine. — This ore is apparently a brown hicmatite. 

MuUa Kutgoor PuUi-^Lugthan fiiiii^. --Similar to the last named specimen. 

JBurdon Putti (Gang61i). — A black micaceous ore apparently rich; laminated, and 
influences the magnetic needle. 

CoFFBB. — Bael Putti (Granguli) — Bujul mine, — This ore is a copper pyrites. The 
matrix is composed of steatite and felspar. 

Bdel Putti— Bethagat mine. — Specimen similar to the last mentioned. 

aungdli Putti— Tamba ^Aa».— This ore is pyrites, and is apparently rich in metal, 
talcosc rocks form the gangue. 

Athagdon Putti (Ganguli)— JF'tff^iaW mi«e.— Specimens from this mine do not seem veiy 
rich in copper. In a matrix of talcosc schist pyrites is disseminated in small particles . 
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GUBHWAL DiSTSICT. 

Ihok. — Pyhunda Puiti, — ^These specimens exhibit graniilar iron pyrites imbedded 
in veins of quartz which occur in a dark greyish talcose schist. They are apparently 
not very rich in ore. 

Stli Chandpur PutU — Itajhunga mine, — Thb is a haematite, rich in quality. It is 
slightly attracted by the magnet. 

8(li Ckandpiir PuiU^KMuh mine, — This is evidently a micaceous ore, scaling off 
easily, minute crystals, resembling garnets, can be observed on the sides of the specimens. 
The adjacent beds seem to be chlorite schist. The ore affects the needle. 

Putii Bickla Nagpur^^Buhhunda MfNtf.-— Specimens from these mines are also of a 
micaceous nature, and seem to contain in parts, minute crystals of quartz, pyrites, &fi^ 
otherwise it much resembles graphite, and leaves minute particles upon the fingers when 
touched. It does not influence the compass needle. 

Putti Bichla Nagpfir — JahhtoU mine, — This ore is probably a day ironstone. It is 
of a light coffee colour, and of little specific gravity. 

Pviti Biekla N<tgpiir — 04let mtn^.— This ore is similar to that of the Bukhunda 
mine. 

PfUi{ MuUa DuteoU — Mbk mine. — The specimens appear to be magnetic iron ore 
rich in mineral; colour black, structure crystalline, and laminated. It possesses highly 
magnetic properties. 

Putti Mulla DuuoU—Churbung mine, — This corresponds to that of the Mok mine, 
one fragment is a natural loadstone and exhibits its polarity in the direction of the planes 
of lamination. (?) It seems very rich in iron. 

Putti Buehursyun — Dugura mine. — It is difficult to define of what nature these speci- 
mens may be : possibly an earthy hydrated oxide of iron. Its colour varies from yellow- 
ish -brown to dusky black, streak the same. It is of little specific gravity, the clay seemingly 
predominating. 

Putt{ Idgakote — PipuU mine. — Probably a hydrous form of sesquioxide of iron, clay 
largely predominates. 

Putti Idyakote — Danda Toll mine. — The ore from this mine seems an aigiUaceous 
variety of brown hsematite. 

Putti Paiwi^Chulga mine, — Very similar to the last mentioned. 

A specimen of iron ore brought from the neighbourhood of Milum, called by the natives 
of MuUa Johar * Buldunga*, seems a crystalline variety of red hsBmatite. It is used 
there for a red dye, the colour being extracted by rubbing the stone on a hard surface 
while wet. 

SuLPHUB. — This occurs frequently in the clay shale, and argillaceous rocks in the lower 
ranges. A stream running down beside the suspension bridge at Katgodam contains it 
in solution. A stream near Nurgoli village (new Thul Road) Puttf Athagaon is strongly im- 
pregnated with sulphur, and deposits it freely upon twigs, leaves, &c. 

Salajit.— With reference to my remarks upon this substance in my last report, and a 
note by Dr. Oldham thereon, I would mention that I was led to form my opinion from a 
substance called Salajit and sold as such, which was brought to me from Gorhwal as the 
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pure minefal. I have sinoe forwarded soma of this to Mr. Tween, who has been kind 
eDOQgli to analyse it. Here is what he says : — 

" It oontains nothing but a very sandy ckyt mixed with some stroog bitominons matter. 
It bums Tigoronsly for a short time like a coal, but soon ceases, and leaves without di- 
minishing in bulk, nothing but the clay behind ;" thus I was not much in error in naming 
it as bitumen. 

On further enquiry, however, I find that this is not the pure mineral, it may contain 
a small amount of it, but is otherwise largely adulterated. I have not as yet been able 
to visit the place from whence salajit is collected, but from intelligence obtained from several 
Hakmi, I am led to believe that the pure mineral here known as salajit is in all pro- 
bability similar to that of Nepal, which Dr. Oldham states is a native sulphate of alumina. 

Saliyit ia used as a medicine. It is said to be a specific in colds or influenza ; to ease 
pains in the heart and lungs ; in rheumatism, taken internally and externally ; it is given 
with nitre in affections of the kidneys ; to cure Lnpotenoy, and is used as a Tonic ; and 
siso as a lotion to wounds, &c. ; it is valued at 4 annas to Be. I per tola, according to quality. 

Sulphate of alumina is also to be found on some of the aluminous shales in the lower 
ranges in Kumaon. It can be seen on the road between Naini Tal and Ehyma, near Jak 
village. The shale contains minute particles of pyrites disseminated throughout its mass 
which deoomposiog promotes the formation of alum. The infiltration of water causes 
lixiviation, and the alum is left as an encrustation on the outside of the rock. 

Talc. — A kind of dark-coloured Talc caUed Jalposhe seems also to be used as a medicine, 
either alone, or combined with other substances after it has been very finely pulverized. It is 
said to have cooling and tonic properties, is given in fevers, and in expectoration of blood from 
the lungs. Tliese properties possibly arise from the amount of magnesia and iron it may 

contain. 

Slates. — Two specimens ( in addition to those mentioned beforo ) of clay slate have come 
under observation this year, one from Dharee village, Puttf BadI, (Oangdlf,) and the other 
from Bora Bao Puttf. They are apparently much inferior to the Chit^Ii slate in every respect. 

Ikpobts awd Ezfobts. 

From the annexed tables prepared from information obtained from the respective Tehsils 
and Thannas, and from the statement frt>m Gurhwal, the amount of borax altogether import- 
ed through the ghats of Darma, Milum, and Niti, including some frt>m the Byanse and 
Choudans ghats, was maunds 81,473, or much less than shown in last year's returns. The 
amount entered in the rotum from Chumphawut is taken by me as a portion of the amount 
entered in the Petwa return, as it passes through Chumphawut en route for Burmdeo and 
Pfleebheet. A large quantity of borax direct from Choudans, Byanse and Darma finds its 
way into Nipal. The Tibetan authorities exact a tax in kind upon the export of borax to 
British territory of one load of grain for every ten loads of borax. It is carried by goats 
and sheep in a sort of pack with a pair of pockets slung over the back, one on each side. 
The pockets are co^tered with leather to keep out wet and damp when piled on the ground. 
This pack is girthed underneath the body, a band round the chest and another under the 
animal's tail render it perfectly safe. Each goat is supposed to be able to carry eight seen 
(or 16 ftm), and the pockets aro made sufficiently capacious to hold that weight' of grain.* 

* It is marvelloiui to obserre the bnsinera-llko way In which thrae little beasts of burden cany their loads I 
Coming npon them on the verj narrowest, steepest and slippiest ascent on the brink of a precipice they seem intent 
only npon pursuing their way, not turning aside for any one or anything, their obotinaey often caosing the tzayeller 
imeasineas and teaching him patience. And not the less corioos is it to observe flocks of them nnmbering many 
bimdrad each meeting, each going the contrary way, and yet none make a mistake, bat persist in following their own 
leader and patiently orercome all obstacles to their doing so.— A. W. L. 
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Tbe salt xeturns skcmra gveater total amoant than those of bat jear and would 

seem to be — 

Mdf. 

Stlt imported tia tbo Jobsr (HUnm) Fan in 1809-70 about .^ .- m 8^000 

,, „ Niti and Mana Paases in 1869-70 aboat ^. 8,621 

„ „ Danaa and Byanae Paaaea in 1861^70 about ... 4,000 

Total ... 10,621 



It is sold at Bagesur at about Rs. 6 per maund» and by Abnorah bunyaa at Bs. 7 per 
maund. The Bhotias generally barter all their salt for graiu. 

Salt is abo imported from the Panjab and Sambhtir Lakes. Lahori (Ptmjab) saK b 
generally most esteemed, and is oonsiderably whiter than the other two. It averages from 
2 to 3^ seers per rapee in the Almorah baaaar, whereas the Bhotia and Sambhur saks (of 
aimilar value) aell at from 4 to 6 seees per nipeet the flueioationa depending upon the 
amount aTailable. The total amount of Indian aalt imported appears from tbe aocompanjiBg 
statements to have been about 21,000 maonda, but this ia probably below the made, ais no 
mention of it is made in the Gurhwal ^et^ma. 

Gold.— The amount of gold brought from Tibet and disposed of at Bagesur during 
the year appears to have been about Rs. 10,000 worth. It averaged Rs. 14 per tolah. It is 
collected in grains and dust from many of the Tibetan rivers, the authorities taking a 
percentage upon the amount realized. 

SiLVBB.— -Silver was brought down to these provincea from Tibet in farmer times. It 
was imported into that country from those surrounding it (probably China), and does not 
seem to be found in Tibet iteelf in any quantity. It was sent into Tibet in a crude state in 
lumps called Doja or Thukka of a general value of Rupees 166 each. Importations from 
that source have, I believe, ceased for some time, owing possibly to the great and growing 
influx of silver in the shape of rupees from British territory. Formerly all borax, salt, Ac., 
was bartered for grain, cloth, &c., but now while a large amount is still disposed of in that waj 
(probably to procure actual necessaries), still, whether it proceed from the increase of trade, 
and the portability of coin for hoarding purposes, or from the eadatenoe of a greater demand 
for silver in 'Kbct, by far the largeat amount of borax is disposed of here for British money. 
And I may mention that the Bhotias state that our coin is largely current in Gurtok and 
the other krge towns, and is preferred by the inhabitante there to the coinage of other 
countries. They ask for the CheharfidAr Rupaya or face-printed money. 

The Bhotia traders are only allowed to go as flar north as Gurtok and Durchin. 
Further progress is impeded by the Tibetan authorities. 

CoFPBB.-^A large quantity of copper seems to be imported from the phuna. 

Iron.— The import returns seem to be 2,000 maunds from, against 165 maunds 
exported to, the pi suns. 

Limb.— The returns show 1,00,000 maunda of lime sent to the pUins from Ramnugger 
and Chorgullia only. 

I forward herewith a return sent to me from Gurhwal by Captoin Garstin together 
with some remarks by him thereon, 

24dh August 1870. A. W. Lawdbb. 
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Ckumphawut and Burmdeo, 






Naxb OV MurXBAL. 


Number 

of 
Maimda. 


From whence. 


Value at 
Chumpha- 

wut. 

•< 


Ultimate 
deiitluation. 


Value 
there. 


Bbxabxs. 
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Kann (alloy of copper 
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Bonx «■• 
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... 
*«• 
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••• 

4^000 


The Plains ... 
Ditto 

Tibet ... 
The Plalna ... 

Tibet ... 

Kbnrkdet 
and Nepal 
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1,000 
400 

80,000 
10,000 

20,000 
10 


The Hills. 
Ditto. 

Pileebheet ... 
The Hills ... 

Petora, Chum- 
phawut, and 
Burmdeo. 

The Plains. 


1,26,000 

• •• 


* Villaflrera parchttse 
at Burmdeo and 
take to their 
houses in the 
HiUs. 

t Contmmed in the 
UiUs. 



Petoragurh, 



C.J. 



Naxs oy HmBAi. 



Bnss 

Sdt 
Borax 

fialAitt 



Number 

of 
Mannds. 



4,000 
16,000 



From whence. 



The Plains 

Tibet 
Do. 

Distiiot 



• •• 

• •• 



Valne at 
Petora. 



Hs. 
8,000 

20,000 
1,00,000 

16 
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The Hills 

The Hills. 
Burmdeo and Pi)ee> 
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District. 
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"■■ ■ " _ -r:- 
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Ditto ••• 


1,000 
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„ Plains ... 


» 70 „ 


Ditto. 
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10 


Do. 


» u , 


Ditto. 
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••• 


Do. ... 


I 1.000* 
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••• 


Do, 


u lo/m 


Ditto. 
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16,000 


Tibet ... 




The Plains. 


* Sold at Bai^sor for Bs. 11 
per mannd, and at Rem- 
naf^ar, when cleaned, at 
Bs. 22 to 24 per mannd. 


Salt (common) 
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„ Plains ... 
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„ Hills. 
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Plains 




Lime (Stone and Talk) ... 


90.000 


Do. 


Bs. 18 per 100 
mannds. 
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BXVXBXS. ' 












Bs. 
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The Plains. 




Salt 
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„ Hills. 
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Return of amount and value of all kindt of mineral produce hrougU 



Name of PuttL 
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• 

i 
§ 

5. 
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How worked. 


Probable number of person ■ 
employed daring the year. 


Amoantraiaed for private 
use. 


i 

e 

o 

1 
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B o 

ii 

B" 














Maonda. 


Maonda. 


HaondK 


Kntowlee ... 


■•• 


Suyalbame .m ••• 


Iron.. 


. By digging rock . 


• « 


700 


9 


66 


8 


Bamgnrh ... 


••• 


Doaonla 


ft ••• 


ft 


• • 


4,900 
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600 


90O 


M ••• 


•»• 




ft •• 


t» 


• • 


2,000 


90 
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6S 


If —* 
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Paieef Ac. ... ••• ... 


ft 


ft 


• • 
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72 
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••■ 
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ft 


ft 
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ff 
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ft 
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«• 
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190 
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ft 
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20 
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19 


40 


10 
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Chowkhoota 


M 


ft 
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40 


99 


IS 


Lakhanpore 
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It 
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60 


31 


M 


••• 


Cainee .*• ... ••• 


If 


ft 


■ ■• 


WO 


32 


18 


12 


•• ••• 


•■• 


weOTa ... ... ••• 
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ft 


>Bt 
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16 


22 


12 


•f ••• 


• ■■ 
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16 
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•■• 


t 


ft 
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■•• 


Ohoork^da 


n •• 


n 


• • 


900 


76 


190 


125 


PI • • • ■ • • 


• •• 
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62 
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ft 
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ft 


••■ 
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tf 
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••• 


Jirtolee 
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tf 
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90 
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ft 


11 
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80 
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H 


M 


— 
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66 


700 
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••■ 




ff ••' 


ft 


• « 
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96 


40 


4 


Tnlla Johar 


••• 
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ff ••" 
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26 


33 


1* 


Kbarsl . ... 


■•• 


Lob ... ... 


If 


ft 
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625 


96 
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•f 
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4.000 


1 
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• ■ 
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9 
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■•• 
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■ • 
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2 
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• •■ 
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If ••• 
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2 
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••■ 
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Iron ... 


B|y digging rook . 


!•• 


1,000 


2 


14 




DMTft ••• 


•«• 


Mk^wX ••• •■• ea* 
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»■ « 


100 




16 
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to market or raited for private use in Zillai Kumaonfbr the gear 1869. 



I, 

11 



Maandi. 
10 

»0 

75 

88 
12s 
216 

\n 

SM 

7 
IS 
16 
12 
U 

7 

8 
70 
00 
60 
48 
400 

aoo 

125 
300 
400 

6 
12 

8 
10 

4 

4 

3 

7 



I 

I 



IS 

9 

o 

I 

i 
I 
i. 



o 
8 



§ 



§ 

6 



I 



J 



§ 



I 



Bbiuskb. 



FkrtlT wld in the nelghboiirhood and partly aent to Almonli. 
HvSdwuiaadNjneelU. 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Ditto Banmagv and to ditto. 

Ditto 

Ditto HQldwaol ditto ditto. 

Ditto ditto 

Ditto ditto 

Ditto ditto 

Ditto Thtd, BamMor, Bageaor and Almonh. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto Gnrhwal. 

Ditto ditto. 

Ditto Bagesnr. 

Ditto ditto. 

Ditto ditto and AlmoralL 

Ditto ditto ditto. 

Ditto ditto and Tbid. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Ditto Bwmdao. 

Ditto ThoL 



A. W. LAWDEOt, 
CMJ DMmmoI Mgmter, JCnmuom, 
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Captain Garstin, in forwarding the Guriiwal returns, eays (18tli Jnly, 1870) :— - 

I have the honor to forward the annual statement regarding produce of mines, &c., 
in GnrhwaL 

2. There is a considerable difference between the figures now shewn and those of last 
year. TFhis will be the case for some years to come, till the Putwarees, who have to compile 
the letnms, and the miners who give the information, understand better what is required. 
At present the latter suspect that there is some ulterior reason for the information being 
called for, and are therefore chary of giving it. 

3. It is quite impossible to find out to what parts of the countxy the metals extracted 
are aent» or in what quantities, as they are not sold at fairs, in this district: indeed there are no 
large fiurs, where sales take place usually. Those wishing to purchase go themselves to the 
miners and do so, and unless some person to register sales were appointed for each mine, it is 
quite oat of the question to attempt any compilation of this kind of information. 

4. Iron usually sells at 3 seers per Rupee, but if made up into vessels its price is 
2| seers. Copper sells at Be. 1-8, or Bs. 2 per seer, if made into vessels. 

5. As regards the statistics of salt, borax, and gunda-biroja since asked for by you, 
the retom shews pretty nearly the quantities imported and sold and the prices prevailing. 
The latter article used to be exported in considerable quantities, but owing to the destruction 
cauaed to the Cheer forests in extracting it, this traffic has been put a stop to. 

6. In conclusion, I would add that for the reasons given in my 2nd paragraph, too 
much reliance must not be placed on these statistics, all they are worth is to show approxi- 
mately the quantities of metal, &c., produced. 

7. This return would have been sent in before, but further information was lately 
called for, which had to be collected, and hence the delay. 
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ACCESSIONS TO UBBABT. 

FSOK l8T OCTOBEB TO 3l8T DBCBXBIB 1870. 

!ntles of JBooks, Donors, 

BsAmcovT, Eltb Di.-^Le^ons de G^ologie prntique, pendftnt 1843-4^ Tom. 2, 8yo., 1869. 

BiiAKFOBDy W. T. — Observations on the Oeology and Zoology of Abjumia» Sto., 1870. 

London. Thb Auihob. 

BucH, Leopold tok, — Gesammelte Scluiften, 6d. II, 8to., 187D, Berlin. 

GosBBSiOi Gasp. — Sonti del layori scientifici nella classe di Scienze Morali, Storiche e filo- 

logiche della reale Acad. d. Scienze di Torino dal 1859 a 1865. 
8vo„ 1868, Torino. Acabbmy of Tusnr. 

Gbant, Chablbs. — Gazetteer of the Central Proyinoes of India, 8yo., 1870, N4gpdr. 

Chibles Gbiht. 

HiiDiNOEB, W. R. TOK, — Jubel-Erinnemngstage. Biickblick anf d. Jahre, 1845, bis 1870, 

8vo., 1870, Wien. Thb Authoi. 

Lakdobebb, Db. G.— Mineralogie der Vulcane, 8vo., 1870, Cassel. 

liBVNiBB, G. — ^^tudes G^ologiqaes et Pal^ntologiques snr rembonchnre de la Seine et \a 

ialaises de la Hante-Normandie, with Atlas, Boy., 4to., 1870, PaziB. 

Ltall, a. C. — Gazetteer for the Haidardbdd Assigned Districts, 8to., 1870, Bombay. 

A. C. Ltill 

Wood-Mason J. — On a New Acrodont Saurian from the lower chalk, Svo., 1870. 

ft 

TEn AUTKOE. 

„ Memoir of John Phillips, M. A., ll. d., from G^l. Magazine, 8yo., 1870. 

Thb Avthob. 
Maskblyne, N. Stobt. — On the mineral constituents of Meteorites, 4to., 1870, London. 

Thb Authoe. 
Milkb-Edwabds, a. — Oiseaux Fossiles, 31 — 34, Boy., 4to., 1870, Paris. 

Pebct, John— Metallurgy of Lead, 8vo., 1870, London. 

QuETBLBT, A. — Observations des ph^nom^nes p^riodiques pendant lea annees, 1867-68, 4to., 

1870, Brussels. The Authob. 

„ Notice sur le oongres statistique de Florence en 1867, 4to., 1869, Brussels. 

Thb Authos. 
Sghlagintweit, H. yon, — Beisen in Indien und Hochasien, Bd. II, 8vo., 1871, Jena. 

Sebley, H. G. — The Omithosauria, an elementary study of the bones of Pterodadyles, 

8yo., 1870, Cambridge. 

Pbof. Sedowice and H. G. Sbblxt. 

„ Index to the fossil remains of Aves, Ornithosauria, and Beptilia, frtnn the 

secondary strata in the Woodwardian Museum, with prefatory noti» 
by Prof. Sedgwick, 8yo., 1869, Cambridge. 

Pbof. Sedowice and H. G. Sselet. 
Studib, G.— Ueber Eis und Schnee, II, Abth., Bd. II, 8vo., 1870, Bern. 

Pbbiodicals. 
American Journal of Conchology, Vol. V, pt 4, and Vol. VI, pt. 4, 8vo., 1870, Philadelphia. 

American Journal of Science and Arts, 2nd Series, Vol. XLIX, No. 147, Vol. L, No. 14S, 

8yo., 1870, New Haven. 
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mUi 0/ Boohs. Donors. 

Annalfis des Scienoea G^kgiqaee, Tom. 1, 8yo.» 1870, Pans. 

Anxub and Magaiine (»f Natural History, 4th Series, Vol. YI, Nos. 33 to 35, 8vo., 1870, 

London. 

Annals of Indian Administiation, Vols. XIII and XIY, pts. 2, 3, and 4, 8vo., 1870, Seram- 

pore. GoTEfiNicsNT OF Ikdia. 

BiBTUN, A. AXD Habtmafk, R. — Zeitschrift fur Ethnologie, Heft 3, 4. 2nd year, Svo., 

1870, Berlin. 

Blochmavh, H.— Biblioth^ Indica, No. 211, Afn i Akbari by Abol Fazl i Mnbdrik i 

'AllAmi, Fasc XII, 4to., 1870, Calcutta. Goyjbkmbnt of Ikdia. 

OuTPBB, Ch. db. — ^Bevne Uniyerselle des mines, de la Metallurgie, des travaux publics, 

Ac., 14th year, Tom. XXVII, pt. 3rd. 8vo., 1870, Li^e et Paris. 

Geological Magazine, Yol. YII, Nos. 8 to 11, 8vo., 1870, London. 

Indian Economist, with Agricultural Gazette and Statistical Beporter, Vol. II, No. 3, 4to., 

1870, Calcutta. Goybbnhbnt of India. 

Jahrbofih dee Schweizer Alpenclub, 6th year, with Atlas, 8vo., 1870, Bern. 

Lbohhabd^ G. and Gbivitz, H. B.~Nenes Jahrbuch fur Mineralogie, Geologic, und Palae- 

ontologie, Nos. 4 and 6, 8vo., 1870, Stuttgart. 

„ Allgemeines Bepertorium der Mineralogie, Geologie, und Palaeontologie 

fttr 18ea69, 8vo., 1870. 

Mabtini nnd Chbmititz. — Systematisches Conchylien-Cabinet, pta. 192 to 200, 8yo., 1870, 

Nnimberg. 

Pal^ntologie Pran^aise, Terrain cr^tace, liv. 25, Tom. Vlll, Zoophytes, Svo., 1870, Paris. 

PalsBontographica, Bd. 17, pt. 6., 4to., 1870, Cassel. 

PBTXBMAirv, A., Db.— Geographische Mittheilungen, Bd. 16, Nos. Ylll to X, 4to., 1870, 

Gotha. 

Pfxivfbb, L«^Ma]ako-Zoologische Blatter, Bd. 17, Forms 4 and 5, 8vo., 1870, Cassel. 

„ Noyitaies Conchologicss : SuppL III, Monographic der MoUusken-Gattung 

Venua, Yon Dr. £. Hoemer, 4to., 1870, Cassel. 

Profesnonal Papers on Indian Engineering, YoL YU, No. 29, 8yo., 1870, Roorkee. 

Majob Mbdlbt, R E. 
Quarterly Journal of Microscopical Science, New Series, No. 40, 8vo., 1870, London. 
Quarteriy Journal of Science, No. 28, August 1870, 8to., 1870, London. 
Records of the Geological Surrey of India, Yol. Ill, pt. 4, 8yo., 18701, Calcutta. 

Thb Subtbt. 
The Indian Annals of Medical Science, No. 27, Svo., 1870, Calcutta. Db. N. Chbtbbs. 

GOYBBKHBKT SBLECTIOirS, &C. 

Bbhoai. — ^Report on the Rerenue Survey operations of the Lower Provinces from 1st 

October 1868 to 30th September 1869, fol., 1870. 

Govt, of Bbngal. 

„ Report of the Sanitary Commissioner for Bengal for the year 1869-70, fol., 

1870, Calcutta. Govt, of Bevgal. 

Bbitish Bubma.— Report on Trade and Customs of British Bnrma for 1869-70, 8vo., 

1870, Rangoon. Govt, of Bbitish Bubma. 
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Titles of Books, ^ .^Ta 

Bbitish BuBiiA.-Report on Priwn Administration in British Borma for 1869-70. 8to., 

1870. Rangoon. Go^. of Bbitoh Brwi 

Report on PubUc Instmction in British Bnrma for 1869-70, 8vo^ 1870. 
Rangoon. Govt, o* Beitibh Bxholl 

Report on PoUce Administration in British Burma, 1869, 8vo., 1870, 
Rangoon. Govt, of Bbitish Brwo- 

Report on Civil Justice in British Burma, 1869, 8vo., 1870, Rangoon. 

Govt, of Bbitish Bubiu. 

Report on Criminal Justice in British Bunna, 1869, 8vo., 1870. Rangoon- 

Govt, of Bbitish Bubmi. 

Report on Vaccination in British Bunna for 1869-70, 8vo., 1870, B^goon. 

Govt, of Bbitish Bubmi. 
Progress Report of F(««8t Administration in British Burma for 1868-69 
and 1869-70, fol., 1870, Rangoon. Govt, of Bbitish Buwu. 

CENTB.L PBOViNCB8.-Report on ti.e Adrmnistration of the Central P^^^^^^^ 

year 1869-70, 8vo., 1870, Nagpore. Chibf Commissioktb. 

lKPU.-Records of the Government of India. Home Department. No. ^^^'^^^ 

1870, Calcutta. ^_ ' _ ^^ _, 

„ Selection, from the Beeord. of the Gorernment of Ind«. ^^"^^^J^^ 

ment. No. 19. Progr«« Beport of the Adimmstrataon of For«U 
the Central Province, for wxuwp. 1867-68 and 1868-69, fol. 18<0, 
^ Govt, of Ikdu- 

Bangalore. ^"^ 

OnPH-Annual Be^rt of the Administration of the Province of Ou^^- ^'^^ 

1869-70, 8vo.. 1870, Lucknow. WVT. of wbb 

Punjab -Selections from the Records of the Government of the Punjab and H- depend..- 
Punjab. Selections tr ^^^ ^^^^ ^^ ^ Administration Eeport of the Chamb. aj 

Bhawalpore States for 1869, 8vo., 1870, Lahore. Govt, of Pckjib. 

.. Report on the Administrat^n of the Pui^ab and it. ^^^.^^^^^^^ 

1869-70, 8vo.. 1870, Lahore. «o^^- "'^ 

Tbansactions of Socibtlbs, &c. 

BBBUN-Zeitschrift d« Dentechen G«,lo«i.hen <^^'^^^^J;^^^^^^!:Z:Z 

Berlin. ,. 

MonaUbericht der Koniglich Preussischen Akademie der Wissencha^ xu BeA • 
Juli. 1870, 8vo., Berlin. ^^ ^''^^' 

BBCSSB«.-Annuaire de I'Acad. Boy. d. Scie.. de Belgique. a6t. ^T-Jf^^L,^' 

Brussels. 
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Bulletin de I'Acad.' Roy. de Belgique, 38th year. 2nd '^'^^'^^^^^ 
XXVIII, 8vo., 18fa9, BrusseU. Bbwiah ACADim 

M^moire. Couronn^s et aut«« M^moire, pubH^ par ^'^'^^J^^ 
Tom. XXI. 8vo., 1870. BmsseU. B"'*'"' ^"^^ 

M^moires CouronnA, et M^moires des Savant» itranger. pubU&i par TAol 
Boy. de Belgique, Tom. XXXIV. 4U... 1870. BrujeU^^^ ^^^ 



?ABT 1«] Aeeeaiofii to Library. 31 

lUlet of Books. Donort, 
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4, 8yo., 1870, London. Thb Socibtt. 

Journal of the Society of Arts, Vol. XVIII, Nos. 924 to 937, 8yo., 1870, London. 

Thb Socibtt. 
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t' Moscotr. — Bull, de la Soc. Lnp^riale des naturalistes de Moscou, Tom. XLII, Pts. 1-3, 8yo., 
i; A :> 1869, Moscou. Thb Socibtt. 

^ Nswcastlb on Ttkb. — Nat. Hist. Transactions of Northumberland and Durham, VoL III, 
,A> Pt 2, 8yo., 1870, Newcastie on Tyne. 

ie it Pabis.— Bull, de la Soc. G^oL de France, 2nd Series, Tom. XXVI, 1869, No. 7, Tom. XXVII, 
I A> 1870, Nos. 2 and 3, 8yo., 1869-70, Paris. Gbol. Soc. of Fbaitcb. 
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Philadelphia. — Proceed, of the Acad, of Nat. Science of PhOadelpliia, 1869, Ko. 3, August 

to Novembe^ No. 4, 8to., 1870, Philadelphia. Thb Acadbxt. 

8t. Pbtebsbubo. — ^Bull. de I'Aead. Imp. des Scien. de St. PetenbTxrg, Tom. XY, Pts. 1 ind 

2, 4to., 1870, St. FeterBburg. 

TuBiir.— Boll. Meteorologico ed Astronomico del Begio obsenratorio dell' Univcnita di 

Torino, fol., 1869, Tuiln. Thb Acadbkt of Tuinr. 

„ Atti deUa B. Accademia delle Scienze di Torino, Vol. IV, in 7 pts., Not. 1868 to 

May 1869, 8vo., Turin. Thb Acadbmy of Tuuv. 

YiBNKA.— Denksohriften der Kaiseri Akad. der WissenchafL Wien.-Math. Natorwisa. daase. 

Bd. XXIX, 4to., 1869, Vienna. Thb Viekka Acadkkt. 

Sitzungs-berichte d. Eais. Akad. d. Wi8Ben8chaft.-Math. Natarwias. dasse. 
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Part a.] 1871. {May. 



Thb Axial oeoup ik Wbstbbh Promb, Bbitish Bubmah, by W. Treobalv, £042,, 

Gbolooical Scbtbt or Tkoia. 



When fWitniniitg the soathem portion of the Arakan range, I applied the U^tm * 1 
to a group of rocka which seemed eTerywhere to oompriae the central region or axia of the 
noge. bat the refaUiona of which to the newer or nnmmnUtie gronp were not there rery 
eleariy dispUyed, partly frooDi the natmre of the grdtond and partly from the character of the 
be<U which, thongh of great thickness, were Tery deficient in any salient points for ananga- 
Bent and sub^Tision. In Western Prome, howerer, there is a great inpiofenient in these 
respects, and the axial gronp is so well dispkyed that we obtain, not only a good insight 
bto iti relation with the newer group whidi acQoins it, but, from a few good sections, a 
toleiable ooneeption of its own principal stratigraphieal sub-divisions. The best and most 
illiutratiTe aectiona are met with near the frontier, particnlariy in the Hlowa stresm, 
where aa cBomoua thirknaws of beds dips with mudi regularity and at a high angf^, the 
•ectiott comprefaeoding beds of both the axial and nummnlitic groups. 

As we go south tiie breadth of country covered by this group tncresM* mat^^rially, and 
with this incTpase in breadth, theie is a prop o r t ionate change in the arran^^trurnt tf( the 
beds, the high steady dip obserrable to the north there becofoing tf\Xau'jiA by a variable, 
and often extnemely low, one. 

At the frontier, these beds ate 13 miles in biaedtli measored frora the ereni of the langs 
at right ai^es to its genenl strike, which braidth is ^i«tiiMh#ii to 7 mihsa at Hbnadomig, a 
remarkable hill thirteen and a half miles sonth*wcst bj sooth liom Jfendoon« Wwom this point 
the 'axiala' gndnaliy ei^aod till they attain their gicateat breadth of twenty milca at Tfaabie 
Sokan, a baking place on the Amkaa rasd.* The rdaiiooa of the axial and nammalttJcgrMtfa 
are nowhere better seen than alofi|^ the frontier, proceeding west froas the vills||pe of 
SangyL The road from Sangyi to Ycbile ( Yoa-faa^ay in map) lies over an nsdnlaling and 
ia part hiQy countij of the ordinary chaiact^r i««!ii w;thin the center ranges 4^ bilk eotap^jsed 
of noananlitic stratn* The tunat is moderalirly ihirk and the iow valHea father w«:U itny^'iM 
with water, <coBsidedB«; that the ^frrrvjtu lainy season had been very 9€aaty, ami awist of 
the stnams were uzuuxxally low in frmaf^n*iu»), ¥rt/ra ntaoy f^^ints alr/ng this line id r sn d , 
the bolder eharacter aui dntver fir/reat of the ma^n Arakan raagr formed a praninent amd 



* R aiifci mtm to ham Vmb *> Ugtmis^mM it i— tri •!«« '{m*x^^ •*t^ %Ar^*'*^ %m *htt M wmt a *4 *1t^, Kim 
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grateful feature in the landscape. The village of Yebile, on the Moo-chonng fehoung or 
stream) is reached after a pi'etty sharp descent, and the same rocks as constitute tlie covntiy 
traversed are alone to be seen in the bed of the stream. 

No sooner, however, is the Moo«choung^ crossed in a westerly direction than wr 
find ourselves among rocks of an entirely different aspect. These rocks (axials) are not 
only exceedingly disturbed, and along the boundary especially faulted and crushed, but are 
also indurated to a considerable extent, and often seamed with calcite. An excellent section 
of these beds is seen between Yebile and Kondaingzu (near Kondaingkeng of map), and again 
above that village still going west, in the direction of Pathi, situated on a considerable feeder 
of the Mahton stream two and a quaiter miles from the frontier. The scenery hereabouts is 
very beautiful, and I know no more wild or picturesque part of Pegu than the Mahton vsUey 
near the frontier with its rapid and flashing waters winding between rocky hills clad in vi^in 
forest. From Yebilo to Kondaingzu the road lies up the valley and continues up it after 
passinjif that village as far as Kyoungtha, where it somewhat abruptly commences to ascend 
the lofty ridge east of Pathi. From the top of this ridge whose eastern slope is partk 
cleared for cultivation a magnificent eottp d'ml is obtained displaying in panomroit' 
order the lower ranges to the eastward and the more imposing and densely wooded rvige^ 
with their grassy peaks, west of Pathi. Of these the most conspicuous are Kyeedoungand 
Bomadoung which respectively mark the culminant points of the eastern and western 
Arakan range, though, strictly speaking, Bomadoung stands a little out of the general line 
of the range on a lofly spur, which stretches towards the Kyeedoung or eastern range, but 
separated from it by the deep gorge-like valley of the Mahton. The Arakan range in fact 
here bifurcates some four miles south of Bomadoung which is g^ven ofT to the eastward, and 
of which the Kyeedoung range may be regarded as the continuation across the Mahton vaDey . 
whilst the westerly branch, or main range, after curving back a little runs north through tiie 
lofty peak of Myoen-nia-toung above the frontier. On the frontier the eastern and westem 
branches of the range are eight and three quarters miles apart measuring from the Kyeedocmg 
peak to the triple boundary of Birma, Arakan and Pegu. The Kyeedoung and Bomadoang 
ranges are not only higher than those to the eastward, but unquestionably more densely wooded 
on their scopes, — and more so I tliink than is usually the case even on the main range further 
to the south, — though their summits are in many places covered with tall grass, which gives 
them rather a tame appearance. I do not think that this great contrast between the 
vegetation and forest of these hills and of the outer ranges depends to any appreciable extent 
on the rocks composing them, but results from the injurious influence of hill cultivation as 
practised in Pegu, the initial step in which is the extirpation, as far as practicable, of all 
vegetable life over large tracts of hill side from which only a few crops of cereals or other 
produce will be derived, when the same process will be repeated over some neighbouring area. 
In the ridge east of Pathi we find an example of the incipient effects of the above process, 
which has as yet not gone the length necessary to produce the arid and meagre jungles of the 
outer ranges ; but even here, there is an unfavorable contrast with the more westerly slopes of 
Kyeedoung and Bomadoung, where, I believe, no cultivation whatever has been attempted, 
and which consequently retain their virgin freshness, and wliosc slopes are still refreshed with 
those perennial rills which disappear before the system of hill cultivation as surely as (be 
clouds of morning before the rising sun. Wlicre water is deficient the character of the 
vegetation will be largely modified by peculiarities of the soil, especially its hygrometric ones, 
but under moi^ favorable climatal or atmospheric conditions the influence of the soil is, 
with perhaps certain exceptions, less perceptible. An instance in point seems to be this verj 
range cast of Pathi which is well clad in forest, but consists of harsh grits which prima 
facie would not seem so favorable to vegetation as the beds of the newer group to the east- 
ward where, for the reason above given, the forests are ftparse and aiid. 
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At tbe village of Kondaingza an enonnoos thicknesB of beds is displayed vertical in 
places, or with a hi^h dip west bj north. The grits and shales are very regularly intercalated, 
the grits varying in thickness from an inch to a foot, l^ey are hard and of a prevailing 
^y or bluish color. The coarser beds are white-speckled, — which white-speckling is quite 
ciaracterUtie of the upper portion of the group; — and a few of the conglomerates are 
coarse enough to be termed pudding-stones. The shales are grey, rarely dark and often 
purplish brown, with a few beds creamy or whitish. The section of these beds continues 
well displayed in the stream as far as Eyoungtha, with no material reversal of dip, which 
is generally upwards of 70^, varying between east-by-north and east-by-south. Before 
reaching Kyoungtha, the dip becomes much less and the beds are seen dipping at low angles 
in the opposite direction, forming small anticlinal folds, but these excepted, the sequence of 
beds seems uninterrupted, though the great thickness would render it probable that a fault or 
two brings in the same beds over again. In this stream I noticed many blocks of limestone 
well rounded, but too large to have travelled very far, but I could not find the outcrop, 
neither was it known to the natives. It did not seem to contain fossils, and though at the 
time I was in doubt as to what group to assign it, a more extended examination of the ' axials' 
removed all doubt as to its belonging to them. At Kyoungtha the road ascends the Pathi range, 
but the rocks are not well seen. The prevailing dip is east-by-north, though in some places 
it is reversed. The prevailing beds are grits, thick bedded with rather glazed and rusty look- 
ing surfaces, especially where the rock is coarse and conglomeratic. The whole of the group 
thus far is much indurated and seamed with calcite, though nowhere displaying metamorphism 
proper. Directly, however, we cross the stream on which Pathi is situated and ascend the slopes 
of the range leading up to Kyeedoung, we find ourselves passing over a different description of 
rock, much of which is of a distinctly metamorphic character. Whilst, however, in places the 
schistose character is plainly developed, the general impress of metamoi*phism is essentially 
feeble, and the result ill-defined, and, so to say, spurious. In these softer schistose beds, 
however, quartz veins have replaced those of calcite, which occur in the grits of the opposite 
bill ; a peculiarity one would hardly have anticipated, viz,, that the silicious grits be veined 
and seamed with calcite and the more argillaceous ones with silica, but I could not satisfy 
myself of any definite relation between either description of veins and any particular zone 
of rocks. A more extended knowledge of the axials, however, shows that, whilst a more 
perfect exhibition of metamorphism than any here seen occurs locally in these beds, such 
portions do not constitute or belong to another group, how dissimilar soever in character 
they may be, and this is nowhere more indubitably manifest, than where the metamorphism 
has been most marked. Such a case, for instance, occurs in the Hlowa stream above 
Yoathit, where a dyke of serpentine crosses the stream, and in contact with which several 
beds of the axial group assume quite the aspect of a hornblendic schist. A similar case 
on a somewhat larger scale is seen on the outer or eastern flank of Bidoung, — a huge hill 
of serpentine a few miles from the frontier, — the protrusion of which seems not only to have 
affected the axials in its vicinity, converting them into chloritic and diallagic sktes, but by 
its mechanical action to have caused the great outcurving or deflection which the axial 
boundary here displays. Metamorphism, however, of this distinct character is always very 
circumscribed in its range and not so likely to mislead as the more subdued type, affecting 
a great thickness of strata as in the Kyeedoung range for instance ; but whilst only speaking 
of this metamorphism as differing in degree, I do not cou&ider it by any means established 
that the cause in either case is one and the same ; and whilst referring the more local and 
exceptional action to the direct and immediate agency of the serpentine, I think it very 
questionable if that rock has been more than indirectly connected with the feebler and wider 
spread alteration to which the whole group may be said to have been subjected : the serpentine 
itself possibly being nothing more than the extreme product of the veiy foixjes which have 
induced the feebler but more widely spread alteration in the beds of this group. 



36 Recordf of the Geological Snrvfjf of India. [voi*. it- 

The followitig section in tbe Rlowa streftm abore Yoatbit will gi^e a (^ood iden of the 
general character of the upper portion of this gronp, though its npper limit is rather doubt- 
ful :— . 

BcctiOD of the ftilal gronp in th« Hlowa streun tbore Tofttbit (ucending)— * 

Dark and greenUh flaggj ihalef. 

Sandstones and shales. 

Bath thin bedded ahalea with earfoooaceoiui markinira. 

Vpptr AxiaU. 

a. 

Thick bedded ahalea, paaaiofr Into dark massire ■ranaeeoaa ihales Ft. In. 

with bard oodales Interspersed, with Gmfi«a(?),Ae.... ... 10 » 



Baft bine abale with • fHr aandfltone baada .,. ... ... 17 9 

Knbbly limcatooa ooiifflomente with a little bloe abali^ baddinf rather 

indistinct ... ... ... ... ... ... 10 6 

Hard coarse conglomerate with a little Sne aandstoae ... ... 6 9 



e. 

Shales and aaadatooea la thick and thin beds ... ... ... 188 

Fine thin bedded grey aiglUaceons aandstones with ahaly partings ... MO 

Bo. thicker bedded ... ... ... ... ... 4 • 

Thick bedded sandstone in one and two ftot bads with abniy parthigs 18 O 

Coarse hard snb-poroellanons grit ... ... ... ... 6 

Thin bedded shales and aandstones and one sia-ineh bed ... ... 68 

Conglomemte ... ... ... ... ... ... SO 

Shaly beds ... ,- ... ... ... ... si o 

Bard argUiaeeooa aab-poroeUanoas aandatOMS ... ... ... 102 

Shaly beda ... ... ... ... .^ . 108 O 

MassiTe argilbM^cons aob-porcellanoiu sandatonet ... ... Si 

Shaly beda ... ... ... ... ... ... 21 O 

llard anb-porcellanoaa sandatones ... ... .^ ... s 

Shaly beds ... ... ... „, ... ... s 

Maaaive thick bedded grey, white q)eckled grits ... ... 25 

Ba but in tUnner beda ... ... ... ... 129 

Shaly beda .m ... ... ... ... ... S6 e 

Thick bedded aub-porceUanona white speckled grita. ... ... 43 

Bo. but thinner bedded ... ... ... ... 12 

Bark shalea and sandstone ... ... ... ... 61 

Bluish grey snb-poreellanona aaadstonet ... ... ... 81 

Bark saadatona and ahalea ... ... ... ... 1S9 

Bark ahalea ... ... ... ... ... ... 46 

Creamy blue aub*poroeUanoua sandstone ... ... ... 6 

Sandstone and shalea (ill aeen) ... ... ... ... 216 

MaaaiTe white apeoklad grit ... ... ... ... ii 



d. 

Shalea and sandstones in from 6- to 18-inch beds 

MasaiTe greenish grey sandstone 

Shalaa with a turn thin aandstone beda 

Shalea with a few thick beds of sandstone . ... 

Sandstone with a few ahaly partings 

Very nuutsire blue and grey sandstone 



475 





4 





172 





476 





43 





62 






1«364 • 



1,2S1 
8,728 9 
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Brought fonnird ... 2,728 tt 

e. 

Dark hanh thalea and dark thin bedded grej ■andatonea, none over 

4 inches in thickness ... ... ... ^. 

MassiTe argillaceous sandstone 

Dark liamh shale and sandsloues (as above) 

Do. bnt thieker bedded 

Do. but thinner bedded (as above) 
Shales and sandstones 

/. 
Pale massive sandatonea ipritty and In fklaces finely ^ymi^lomenitic 
Pale aandatonea ffritty, grey and creamy aod thin bedded ... 

Do. veiy massive 
Hard grey sandstone 

TOTJlt 

At or nenr this point the junction of the nummulitics seems to come in, but this is not 
very clear, and it may be in reality a few hundred feet higher. A measured thickness of 
nummuUticA now ofiers of ... ... ... ... 1,810 feet. 

followed by an estimated section of ... ... ... 2,307 „ 



151 









6 









319 









26 









120 









3M 





976 










103 






12 









6 









26 





147 


e 




• •• 




3,861 


9 



••• 



••• 



kll7 feet. 


Pt. 


In. 


300 





110 





33 


3 


1.364 


6 


1,221 





976 





147 





3,861 


9 



or fully 4,000 feet of nummulitics ... 
The foUowino: epitomises this section :— 

Lower ' axiaU* (abalea, Ac.) teen, more than 

a.— Canlifti (?) shales ... 
lk~Limeat<me shales^ Ac. 
Cpper * axiala.* «•— P»cWed grits, Ac. . . . 
d.— Shales and sandstones 
«.— Do. do. 

/.—Sandstones and conglomerates 



The Nummulitic section I shall give elsewhere, but aa the upper beds of the group 
are not represented in it, the entire thickness of this group cannot be safely placed at less 
than 6,500 feet, and as the lower axials are, I think, Uiicker than the upper, 8,500 will 
hardly be an overestimate for that group, giving a total thickness of about 15,000 feet of 
beds throughout which fossils are so rare as to be practically of no use in sub-dividing so 
unmanageable a mass of strata or correlating even neighbouring sections. In spite of 
these drawbacks, however, the above section is valuable from the great thickness of beds 
exhibited without any reversal* of dip, and by its seeming to embrace the greater part 

* Vy colleague, Mr. Pedden, in noticing this section, speaks of "something very like a fttalt," but his account la 
too meagre to be of much use in txlng the spot, and his seotion only embraoes 800 feet of beds in all. He also speaks 
of tUe beds ''rolling end dipping in various directions," which, I consider, conveys an inaccurate idea, if 
thereby any reversal of dip is implied, and again where he continues "doubtless these are a repetition of the 
fomer beds.*' It is true that the great thickness of beda here seen dipping with very general regularity, a little 
troubled in plaoes, but nowhcn reversed, would suggest the idea of faulted repetition of the tame beds, but there 
is nothing in the beds themselves to countenance this. I do not think there are any faults catting through the beds 
of the section given by me, and they alone could affect the question. Reversal of dip there is none also, and there 
only remains the question of obliquely folded beds. For this the group seems to me too thick. It is possible to 
conceive such a cause for the excessive thickness here displayed by some of the groups of shales, but then they appeaf 
to be in perCsot seqnenoo with beds whidi certainly have not been thus folded, such as the characteriatio white 
■pecUed grits. It wiU be noticed that I have gnwped the section into diviaions; now, each division taken by itself 
presents a certain nniformitiy of iaoiee and tjrpeb which in same instances might possibly result from the excessive 
plication of a oomparatively amaU group of beda, bat where these large groups of varied charattter follow one another* 
such a supposition is no lonaer tenable, and the only result is the conclusion that the enthre aection is a bond Jidt 
display of thickness,— a conclusion borne out by our knowledge and observation of the entire group elsewhere. 
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of the upper divisions of the azials, which is better defined than tlie other by the mineral 
peculiarities and appearance of some of its beds. 

The section commences in what I have termed the ' lower axials/ an arbitrary division, 
but useful in dealing with so vast a group. These lower beds are entirely unfossilifen)U5 
as far as my knowledge extends, excepting perhaps obscure carbonaceous markings, or what 
may be annelid tracks, in some of the shales ; at the same time, however, I cannot bat 
think that they may yield some organic remains when more closely studied, and perhaps 
their lower beds brought to light, for at present I am ignorant of what constitutes the hsLse 
of this group. They consist of shales and saadstones devoid of any marked character or 
distinctive beds and usually more or less hanh and indurated. The shales are mostly dark, 
grey, harsh, and meagre and comminuted or splintery from the pressure they have been 
subjected to; and it is along lines of crushing and faults, brine springs seem to rise 
accompanied often .by an increased amount of induration of the beds in the neighhoar- 
hood. I cannot offer any estimate of the thickness of this division, but as it is nowhere cut 
through on any of the heavy sections in the Arakan range, its thickness must surpass 
that of the upper division, so that between 4,000 and 5,000 feet may be provisionaHj 
adopted. 

The bed, or rather group of beds, which I have made the base of the upper division of 
the axials, has the advantage of affording what few fossils have hitherto been noticed in 
them, and of containing a limestone which serves over a great stretch of country as an 
unfailing indication of a particular horizon, whereby we are greatly aided in determining 
the relations of other beds also. Many other beds of this division likewise are very well- 
marked lithologically, so that where the limestone is not seen, we are still able to recognize 
the upper axials from some of these beds. Such, for instance, are the white speckled griu 
and pale or creamy sub-porcellanous grits and conglomerates, which form a strong contrast 
to any rocks either below them or in the upper or nummuUtic group against which they 
occur. At the base of the upper group (just below the mouth of the Thayet stream in the 
Hlowa section) lies a considerable bed of dark shales, massive and arenaceous, characterised 
by a Cardita (?) which occurs in it rather plentifully, not unfrequently both valves bein*? 
united. A few small and not well preserved gastropoda also occur, but the prevailing and 
characteristic fossil is the Cardita ; a little above tliis occurs the limestone above referred to. 
It is here a rubbly rock mingled with conglomerate and shale, and forming a sort of com- 
posite bed, part limestone and part conglomerate and shale. From this spot (Hlowa stream) 
I extracted the first Echinoderm, viXidi here I could find no other specimens; elsewhere, 
however, where the limestone was better developed, the species was not rare. Where well- 
developed this limestone is a homogeneous fine-grained rock, with a conchoidal fi-acture, and 
usually of some pale, or dark grey, or bluish, hue. In some spots (as south of Nattoung in 
fbeders of the Thannee Choung) it occurs of various shades of pink and yellow, and I have noticed 
it oonverted into a coarsely crystalline white marble. In the Hlowa section I only noticed one 
bed of this rock, but to the south sevei*al minor beds seem to be developed about this horizon, 
whilst the bed in question itself assumes more important proportions.* This limestone can 
be traced at intervals along the outer or eastern edge of the group as far as it has been 
examined. Commencing near the frontier, loose blocks occur in the stream near Kondaingzu, 
though I did not detect the outcrop. It is again met with near the Mahton about cue 



* After the experience of the axial gronp aoqnired during the peat seaeon'e work, I think there ie little doobt 
that the Owa llmeetone and aiiooiated conglomerate and mooh of the other limeetone towarda the eoutheni extremitr 
of the range will prore identical with this hed. This will be interesting, though its ovenrrence on the westeni slopn 
of the range materially diminishes the probability of oar perfecting oar knowledge of the lower portion of the groop, 
as it would seem to indicate that the whole range forms a sort of huge aatidinal in its ensemble, and that the ba^ 
of this gfoop is nowhere exposed. 
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mile north-west of Lepangatn^ where it seems to strike west-soath-west. Three miles 
north-enst of this spot is a large patch of limestone forming a low ridge, and two and 
a half mites sonth of the first locality is another large mass forming the summit of a hill. 
The relations of this limestone are not seen, hat the osoent to it lies over typical npper 
axial grits and shales with a high dip ea8t>by-north to east-north-east. These three oat- 
crops are, I think, all disconnected portions of the same bed, the great distnrbanoe of the 
beds hereabouts being probably prodaoed by the presence of the great serpentine mass of 
Bidoung hill six miles to the north-west. 

Six and a half miles south of Lepangaing, the limestone is again seen in the section 
above given, where it appears to be unusually thin and poorly developed, but thickens 
again to the south in the Pemyouk stream and on the ascent to Shue-doung, and in two 
or three places in the Made (Mudday) stream where it is much disturbed. 

(North of Nattoong, and about one and a half mile south-west from Thabiegaing, a 
limestone is seen on the crest of a low hill, very similar to, though differing from, any of the 
beds in the neighbouring series. From this spot I obtained a single ilJ-preserved valve of 
a Halohiay which is very closely allied to, if not identical with, Halohia Lommeli, as deter- 
mined by Dr. Stoliczka. This would indicate a triassio age for the rook in which it occurs, 
but the relations of this could not be satisfactorily traced.) 

8till going south, the limestones referred to above oocnr at intervals, and display 
a distinct tendency to approach the boundary of the group. At one and a half mile south- 
south-east of Nioung-jadouk, it occurs on a hill top very close to the boundary, and still 
closer to it, above the village of Quienhla (Kwenghla) ^y^ miles west-south-west of Akouk- 
toung. In a word, as wo proceed south, the Nuinmulitio boundary cuts back into the axial 
group, until a little below the parallel of Akouktoung the great and characteristic series of 
upper axials has almost entirely disappeared, very gradually certainly, from the oblique angle 
at which the boundary intersects the strike of the beds. The complete elision of this upper 
group to the south is well seen at Chinuagi (Kyeng-3'ua-gyee) three miles south-by- west 
from Quienhla. The stream above Chinuagi seems to display mostly shales of the lower 
group, and just south of the village in the bed of the stream highly altered sandstones come 
in of the usual harsh character of so many beds belonging to this portion of the group. 
Not thirty yards below them comes in quite unaltered a calcareous sandstone profusely 
charged with Nummulites. The boundary is here fixed within a few 3-ards and strikes 
thrtnigh the centre of Chinuagi village, and at this point would seem to completely cut out 
the whole upper group. 

Above the limestone occurs an enormous series of sandstones and shales, which in the 
section previously given, I have sub-divided into small groups. The lowest of these (c) is 
over 1,300 feet in thickness, and contains a number of very characteristic beds, such as white 
freckled grits* and conglomerates, not usually very coarse, though now and then coarse beds, 
almost breccias, are seen, and cream-colored argillaceous sandstones sub-porccllanous, and 
sometimes offering a * lithographic* look. Small white quartz pebbles abound in the finer 
conglomerates, but the coarser conglomerates are mainly composed of fragments of argilla- 
ceous subschistose rocks which suggest the idea of their derivation from beds of the lower 
group. Tlie coarsest beds I anywhere noticed occur in the Shu (Shoo) Choung above 



* My collragne, Mr. Fedden, in descrlbiiifc those rooks Id the Made valloj, on the asoont to Shnodoonsr and 
ck»whcrp, hM given empba»ia to tliia peculiar character of trhUe $p€eklimg in some of those beds bjr terming them 
*a porphyry or altered grif.' The term "porphyry" is of couroc inadmissible, though the beds often greatly 
rcHcmbleaporpliyritic trac'li}tc, andit iH clearly to their external aspect only that Mr. Fcdden refers when using 
the terra. 
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Sabalian. In the lower part of the Shu an enormous ihickoew of beds ir fkirly expoaed, 
but greatly diatarbed and faulted ; benee the junotion of the Axial and Namrnulitic gn>iip 
IS not clear. Higher up the etream the dip is more regular, varying from north-east by ent 
to east-north-eaat, but always high. Some of the sandstones are hard and have strings of 
quartz pebbles irregularly disseminated tli rough them, and sometimes the pebbles oonstitate 
bauds through the rock. In one instance I noticed a quarts boulder in one of these conglo- 
meratio sandstones, 6 inches in length, among the finer constituents, but such a case is rare. 
Some of the coarser beds, however, on this stream tax my power of describing adequately. 
The most remarkable was a little below a spot where a wall of rock makes the channel 
almost impassable, a sandstone, with here and there huge angular schistose fragments 
embedded in it. I satisfied myself that the fragments were really derivative and not the 
result of any segregative process in the rock itself. Some of these angular pieces very little 
worn by attrition were more than a cubic foot in content. I have not noticed anj 
similar bed elsewhere, and it is probably local as respects the peculiarity of its included 
fragments. The general variety of coarse conglomerate is that of a rock mainly compoied 
of partially rounded or well-rounded fi-agments with very little matrix, in some instances 
verging on a breccia in aspect and origin, but these beds are local and exceptional, thongk 
perhaps belonging to the upper group and characteristic of it. 

Above the last group (c) occurs a vast thickness of beds which I have sub-divided into 
three groups (d^ e,/), all of which occur in uninterrupted sequence, but each possessing a certain 
appearance which distinguishes it from the other. In the aggregate the thickness of these 
groups is over 2,300 feet. But though it is tolerably certain that the whole of these belong to 
the Axial group, it is not equally certain that none of the beds included in the Nummulitics 
do not belong to the former group, as from their disturbed condition the beds themselves 
do not give very precise ground for drawing the line between the groups with exactness. 

I shall now pass to the consideration of the imposing hill of Shuedonng at the head of 
the Hlowa valley, returning to the remainder of the Hlowa section when describing the 
Nummulitic group. 

Shuedonng or Shuaylounggyee, situated fourteen miles south-west from Mendoon, is one 
of the most conspicuous and picturesque hills in Pegu, not so much from its actual height as 
from the abrupt way in which it rises from among the lower hills which encircle it, and from 
the exceedingly rugged and precipitous character of its outlines. 

It is situated between the sources of the Hlowa and Pemyouk streams, and marks a 
remarkable change in the Arakan range, of which in some respects it is the culminant peak. 
Instead, however, of the range continuing its course northward past Shuedonng, it here 
takes a sharp sigmoid curve to the. westward, before again trending north ; giving thereby 
the appearance to Shuedonng of standing out from the main range like a promontory round 
which the sources of the Hlowa wind, so that the drainage pertaining to the Pegu side of 
the mountain, received by the Hlowa and Pemyouk streams, represents an arc of no less 
than 300 degrees at least, with the hill as a centre. The hill itself is a ridge of ' axial' shales 
and grits, much indurated and culminating in a serrated cluster of rugged pinnacles. The 
prevailing strike of the ridge corresponds with the normal strike of the axials, and is about 
north-north-west, and viewed from the north the bedded structure of the rocks coin(>o8inK 
the hill is plainly perceptible, but from an easterly view the hill presents all the appearance 
of being composed of some granitic mass, so sharply cuiTed and defiant are its tor-like crags. 
The ascent is effected over two long spurs, one to the north, running down into the Hlows 
stream, the other to the south into the Pemyouk, my colleague selecting the latter whilst 
I ascended by the former route. From my colleague's account of his a.scent from the south, 
it is abundantly clear that the beds on that side are higher in the series than those on the 
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other, and that a local ckange in the direction of the heds has occurred, as his account T«Teals, 
drcomstantially enough, the characteristic heds of the upper axials, whilst to the north these 
beds are repLiced hy shales of the lower group. A great deal of disturbance here occurs, 
resulting no doubt firom the sharp bend and dislocation as regards its general bearing which 
the range has here undergone, but the mineral character of the rocks sufficiently indicate 
their general relations. On the south side, my colleague records, 'shales, and a bed of 
argillaceous impure limestone,' also 'fine gpndned speckly white, and green, rock,' and 
on the summit a porphyritic or altered grit. On the ascent from the north hy the Hlowa 
stream, we find none of these heds, which, however, are seen in the Hlowa, lower down where 
my section is taken, but in their place at the point where we quit the stream bed, indurated 
shales, dark and harsh, such as mark the lower group. Higher up the ascent, softer shales are 
passed orer, and at the highest point gained hy me, a sort of ridge running down from and in 
the line of strike of the northern extremity of the hill, indurated grits not very well 
characterised. There was throughout these beds a somewhat notable scarcity of quartz 
Teins, which, in such a focus of disturhance, I should have expected to find more developed. 
My colleague found serpentine in profusion, but on the Hlowa spur there was none except- 
ing a very insignificant patch, like a dying out vein, on the summit. No trace of serpentine 
is seen in the Hlowa where the ascent conmiences, so that no considerable development 
of this rock occurs on the northern flanks of the hill, how common soever to the south ; and 
this distribution of the serpentine tallies with many observations elsewhere, that the serpen- 
tine seems to affect a certain geological horizon, namely, that of the upper axials, but 
occupying a low position in them. It would convey an erroneous view to describe Shuedoung 
as the culmination of the line of serpentine outbursts running up from the south- 
Bouth-east, since, waiving the remark that Shuedoung is not a serpentine outburst at 
all, I would observe that though Shuedoung may be described as a somewhat abnormal 
culminating peak of the Arakan range, yet it, from that very fact, does not lie within 
the 'line of serpentine outbursts' properly so called, which generally occur within the 
outer ranges. Serpentine occurs in Shuedoung, and this is the only instance yet known to 
me of that rock occurring on the actual watershed of the range, the line of serpentine out- 
bursts usually traversing the outer hills. This deviation from its usual position in the 
hills seems accounted for in part by the fact before alluded to, that it seems to follow not so 
much a geographical zone of country as a certain geological horizon. This horizon, a low 
one in the upper axials, very exceptionally crosses Shuedoung ; the main range more usually 
being solely composed of beds far lower in the series ; hence, the presence of serpentine on 
Shuedoung is not at variance with its relations elsewhere to the surrounding rocks, though 
not on the ' line of serpentine outbursts,' (if we generalize these phenomena,) the general 
strike of which line corresponds with the general strike of the adjoining beds. 

In strong contrast with the Hlowa section is that seen along the line of the Arakan 
road. The breadth of the axial group at Shuedoung is barely seven miles, and most of the 
beds on this line belong to the upper division of the group. At Thabie Sukan on the Arakan 
road, the breadth of the group is over 20 miles, of which not a fifth belongs to the upper 
division. Here then, we might expect a fine section of the lower g^up, but the value of this 
section is inversely in proportion to the length of ground it covers, and we see great com- 
plexity of dip and undulations of strata without the instructive section displayed in the 
Hlowa. In addition to which must be added the absence of any fossiliferous bed or marked 
mineral group in those lower axials to enable us to divide or classify them. 

I wiU here describe the mode of occurrence of the serpentine and its relation to 
the rocks I am now treating of. Serpentine, though widely distributed, nowhere occurs in 
patches of very large extent, if we perhaps except the Bidoung hill. It occurs in 
two ways, which may be conveniently considered separately (though perhaps the maia 
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distinoiioa between them is merely one of degree) that n, in ^stacked outbunti usnniiiig 
the proportions of low hills, ftnd as veins or dykes tEayexsing the * axial' strata. The moit 
important development of this rock, throughout the coontry north of the panllel of 
Akouktoung, is the Bidoung hill, five miles south by east of Pathi. This serpentine area is 
five miles in length by from two to two and a half in breadtb and is divided by the Mahtoa : 
Bidoung standing on the west aide, faced on the east by a hill of hardly less height 
These two hills indicate the great bulk of the serpentine along an axis stretching north 
by east, but firom the easterly hiU a small range runs nearly due south impinging on the 
Mahton at Keinggye, though the serpentine stc^ just short and is not seen here in the nver. 
This most important development of serpentine illustrates the remark I have before made 
of that rock affisoting the outer rather than the central hills. Descending the Mahton from 
the north, Bidoung hill is seen straight ahead of the river channel, and so distinctily is the 
bulk of Bidoung dissociated from the spurs of the main range, that without refeienoe to 
the map, it is doubtful which side of the hiU the Mahton is about to flow, but on reaehiDg 
the hill it flows round its east flank through one of the prettiest gorges conoeivable. The 
character of the rock is proclaimed by the stunted vegetation covering it, but where 
cracks have allowed the retention of moisture, trees, e^>ecially the Thitsi (Melamorrhaa 
usitatusimaj, have taken bold, favored of course by the generally cooler and moister air of 
tke country close to the densely wooded main range. Lazge surftces of rock, however, are sb> 
solntely and in the most literal sense bare of all verdure and impart a distinctive character 
which, once seen, cannot be mistaken. I have already remarked on the metamorphism de- 
veloped among the ' axials' on the flanks of Bidoung, but the intrusion of this mass of 
serpentine seems to have produced even a greater mechanical result, in the deflection of the 
axial boundary here to the eastward. The boundary is not perhaps so sharply defined as 
in some spots, but I regard the channel of the Moo stream as very nearly coinciding with 
it, or in fact resulting from it. South of Lepangain, too, tbe boundary seems to find 
physioil expression in the conformation of the surfi^e^ but for a few miles east of Lepan- 
gain the boundary is obscure, and few rocks are seen through the jungly undnlaiing oountiy 
which intervenes. The fact of the general outward deflection of the boundary is not, 
however, in the main aflected by a little ambiguity in detail, and the curve so oormpomdM 
to the great mass itf Bidoung serpentine^ that taken together with the exoeesively disturbed 
condition of the rocks hereabouts, we are forced to regard the cause of these appeaianoea 
as nothing more nor less than the mechanical intrusion of that hill mass. 

The next considerable development of serpentine occurs as a low narrow ridge of 
some three miles in length intersected by the Made stream, and situated on the junction of 
the axial and nummulitic groups. This ridge, which must often be less than the third of a 
mile in breadth, seems as though it were a huge dyke or wall of rock occupying at this 
spot the boundary itself. Above it very considerable disturbance exists among the axials, and 
enormous masses of the limestone are seen in the bed of the stream, much affected both 
chemically and mechanically. This action is not so well, if at all, noticed in the nummulitio 
group, and whereas the upper axiab are repeatedly seen thus altered, I do not remember any 
similar amount of metamorphism in the nummulitic group, though here it is contiguous to a 
very considerable mass of serpentine which has characteristically al&cted the lower group. 

The next considerable mass of serpentine is that which constitutes Nattoung a pro- 
minent hill between the Made and Tbanni streams. The rock here rises into two peaks, 
that of Shinbaian to the north-west and the somewhat higher one of Nattoung to the south- 
east, giving a length of about three and a half miles in its long axis. 

« 

Two miles west of Laidi on the Thanni channel occur two small patches of serpentine 
fqfmijig the twin peaks of Thitsldoung and Hnordoung. These patches are separated by 
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'axial' strata, but midwaj between them like a link Ib a very minute patcb of serpentine 
of a few yards in diameter, probably a dyke. Tbitsi bill is in fact a miniature of Nattoung, 
as Nattoung is of Bidoung, and no otber similar outbursts are known to me within the area 
under review. AU the other localities seem to fall under the category of veins subordinate 
to the axials they traverse, but be they all connected or not, the rock throughout is one 
and the same whether occurring in veins or developed in mnssofl ifeke Bidoung. Serpentine 
Teins are far from infrequent in the upper axial zone, and I rather think they are confined 
to it, or to within a short distance of it. Certain it is that I can recall no instance of their 
occurrence in the older division of the group, or where the upper group is not present like- 
wise. The horizon indeed which these veins seem to affect is one near the bottom of the 
upper axials, and we are pretty certain to find the characteristio limestone of this division 
Bot very far from the outcrop of serpentine. The limestone is frequently altered and some- 
times only occurs sparingly, but it is usually to be seen, or some other of tike equally 
characteristic beds of this horizon. The veins are always small and usually associated 
with a species of steatite from which the Burmese manufacture pencils for writing on black 
boards. I cannot affirm that this steatite is always associated with serpentine, but such 
18 the case usually. This steatite is called ' kangu' and is largely imported from Upper 
Burmah. Tbere are, however, numerous places in Western Prome where it occurs and where 
it is extracted for local use. It usually occurs in small pieces lying loose in the decaying 
rock and not commonly in pieces larger tban a hen's egg. It occurs in shale (and also far 
to the south, as noticed in a previous report, in sandstone) and appears to be the result of 
a segregative metamorphism. It is not an intrusive rock or mineral and yet its com- 
ponent atoms must have enjoyed complete mobility, and its formation seems due to the 
rp-arrangement of the constituents of certain beds of the axial groups through an influence 
which may have resulted from the presence of serpentine veins in the vicinity, for there 
seems a decided connexion between the two. 

A curious variety of this rock is sometimes seen closely simulating a conglomerate. 
The dsrk steatite occurs in various sized nodules or amygdala, from the size of a 
hemp-seed or less to that of a small egg. These nodules are smooth and bumisbed and 
impacted in a matrix of white fibrous quartz, in just sufficient quantity to separate 
the nodules of steatite, but still forming a very inconsiderable proportion of the rock. 
Excellent samples of this variety occur on Shinbaian bill, and here I could detect no 
instance of the steatite enveloping any portion of quartz, but where the two minerals are 
more equally proportioned I believe either indifferently envelopes the other. The mineral 
occurs of various tints from pale grey to black, the paler varieties being esteemed the 
purest and most suitable for writing. The very dark varieties approach a shale in character, 
and may be regarded as peculiarly altered shale : some pieces display very distinct fissures 
or shrinkage cracks, and all the appearance of having been once in a plastic state. 

At Shinbaian hill just on the flanks of the serpentine, or before that rock is quite 
reached, a considerable quantity of the above varieties is developed on the hill side and 
also a more massive or compact variety than is usually seen. This variety occurred m 
rej^lar strata of from 6 inches to a foot in thickness, but unequally developed. The more 
massive portions broke with a dean but earthy fracture, and dull surface, and much resembled 
in general appearance a claystone; but this dull variety passes into the ordinary sort with 
highly lustrous surface planes and the quasi foliated structure as seen in pure spermaceti; 
and the association of the two suggests that the latter merely oonabts of the finer portions 
eliminated by segregation from the other. The common shape for the finer sort to sponta- 
neously break up into or arrange itself is that of rudely amygdaloidal pieces, with curved 
ends, either the result of pressure, or of some modified form of crystallization. The highly 
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bnmiBhed gnrfaoes T«4uch tnivene the lOok might seem to indicate the Conner cause and 
in appearance certainly leeemble the ' alicken ades' in a coal shale, bat the peculiar amn|^ 
ment of the steatite am^dala and their enveloping layers of quartz strongly contra indicatet 
this idea, as there is no crushing or subsequent re-cementing of these brittle quartz layers, as 
would be seen if the burnished surface of the included nodules were due to pressure. Pres- 
sure has then nothing to do with the production of the smooth surfaces traversing the finer 
sorts of the steatite and displayed on the surface of its nodules, and the phenomenon is dae 
to some peculiar form of segregative action whereby the nodules themselves originated finom 
the finer portions of the adyaoent rock. I think I am warranted in regarding this stes- 
tite as a mineral species, although it sometimes exhibits a passage into a form to which that 
term might be less applicable. Some of the largest lumps .of the compaeter variety of tii9 
mineral are pale grey distinctly tinged with pale yellowish or leek-green, or perhaps rstber 
green than grey, lustre rather waxy, aad decidedly tough, especially in a direction aenas 
the polished foliation planes which are rarely absent in the mass. 

The serpentine is everywhere very uniform in appearance, but in some spots, as wtfi 
of Laidi, a rock is associated with it like an ordinary greenstone. I think it not qoite 
certain that this rock is not an altered one, or if not a bedded rock or shale altered, I shou^ 
regard it as a variety of serpentine produced by the reaction of the bedded rocks on it; 
my reason for so judging being the trifling and insignificant development of it, its ohstm 
relations and the unlikelihood of a mere patch of rock of this character appearing here iKi 
there in the merest indications, if not a part of, and subordinate to, the general serpeatiBe 
efiusion in the neighbourhood. Nowhere else does this trap rock appear as an ia^ 
pendent formation, bpt merely here as a very feebly developed satellite of ihe widely dlSstd 
Serpentine. 



8kET€H of GBOLOOICAL BTBUCTUBB of the SoUTHSBH KoVEAK, by C. J. WlLKIVBOIt 

Esq., late qf the Gbolooigal Subvbt of Ihdu. 

The South Konkan is in its northern part composed of trap rocks, covered to a nrrisf 
distance from the sea by laterite. Where the latter rock is present it gives a monotocAd 
aspect to the country, forming an undulating and in some places quite flat plateau, ihe pa- 
face of which is a sheet of rock, black and slag-like externally. This laterite plateau, wh^ 
has a general elevation of between two and three hundred feet, has a bare black appeancA 
supporting no vegetation, except scanty grass and stunted trees here and there. Then vt 
places where the rock has been denuded, and here owing to the presence of thicker ml '^ 
ground can be cultivated. 

It is cut through by numerous rivers, the largest of which rise in the gh&tft, and itt^ 
flowing through comparatively open trap country, enter the laterite through deep ririr^ 
which widen towards the sea, the rivers becoming broad tidal creeks. In these nrj»> 
along the banks of the rivers, villages are generally situated, and every available svca i 
the rich alluvial soil is cultivated for the production of rice and other grain. Att^^ 
coast the laterite forms bluff cliffs, in the lower part of which trap is disclosed. 

At Butnagheny, Ac., in well and other sections, the trapis found toheorediH^^ 
thickness of a few feet of white day, imbedding fruits and containing thin c&Hwo*'^'^ 
seams composed for the most part of leaves. This is separated from the soft latent^ t^' 
by a ferruginous hand about an inch thick, having much the appearance of Hans^^ " 
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is Tesieolar, the cavities being filled by quartz, Ac. The soft laierite eoil above bardetiB on 
exposure and this rapidly. It is very thick here and along the sea coast, trap only becoming 
disclosed in the deep sections and at the base of the difls. In proceeding inland, however, 
it is found higher up in the hiUs, which seems to show that it has a westerly dip, though it 
is very difficult to determine the amount, as all the sections are so covered by the detritus 
from the laterite. East of Rutuagherry, the latter rock extends for about fifteen or twenty 
miles ; beyond this the trap hiUs are more irregular in outline and increase gradually in 
height towards the ghats. The eastern boundary of the laterite runs west of Lanje in a 
south-east direction, passing east of Rajapur to Khareputtun. South of the latter place its 
direction has been more correctly determined. 

^ About Phonda it is found nearer to the ghllts than in other places, it then bears to 
the south-west, meeting low trap hills which run out from the gh&ts at the north of the 
Sawunt Waree state. The lower beds of this pass under it about half way between the ghAts 
and the sea* South of this the width of the formation becomes much less, and it extend^ 
as a band ten or fifteen miles wide along the western boundary of the state and in the 
narrow strip of British territory by Vingorla, &c. 

It occurs in great quantity in the Goa territory. In speaking of the laterite boundary, 
I refer to that of the plateau which has a very constant elevation, and consists, as I have 
mentioned, of a series of flat-topped or sHghtly undulating hills separated from one another 
by deep ravines, which have been excavated by the rivers which drain the country. 

There are numerous instances where this rock occurs further east, forming patches whiok 
. in many oases may be outliers of the great mass, though oftener oocnifing at a lower leve!* 
being tihe products of the denudation of the older laterite. These often have the appear- 
ance of true laterite, but are more generally found as gravel, sandstone, oonglomerate, Ae. 

The country east of the laterite boundary is more varied in aspect. The rivers rising 
in the ghats run westward between lofty spurs for some miles, and then emerge into lower 
and more open countiy, which continues up to the scarped edge of the laterite hills. These 
spars in the northern part of the district consist entirely of trap, the lines of flow of the 
beds in them being generally easily traceable, and merging at their eastern extremity into 
the main range of the ghats. These beds having been irregularly denuded, the result is, 
that conical peaks have been left, which vary the otherwise even outline of the hills. These 
peaks are generally surmounted by a sharp black point of rock. A good example of this 
occurs in a spur south of Phonda n^idi mns out weetwazd from the gfaAts. In the peaks 
on this, portions of a thick bed of black oolumnar basalt are aesa, the bed of which these 
are outlien being very oompicooas in the ghftts themaelves. 

The metamorphics, kc, skirtiog the southern boundary of the trap are at a low level 
generally. The rock immediately under the trap is a white, yellow or pink altered sand- 
stone, associated with shales and lying unconformably on the older metamorphic rocks. 






#-' The evidence tends to show that this sandstone formation was originally much thicker, 

;rti> but it was much reduced by denudation before the outpouring of the trap, and this thinning 

t^^ has subsequently been carried on still further by other denodation affecting both it and 

,t' the overiying rock. 

P'-' " About Phonda and the e uunlry to the west, this sandstone (quartzite) is well seen, form- 

ing an open patch of eonntry about ten square miles in area and enclosed within the trap 
boundary, this rodi with the exeeptioo of one or two isolated massca having been entirely 
denuded. 
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In the north- west corner of this sandstone area there is a gnmp of hills, of which one, 
8alwa hill, is ahont eight or nine hnndred feet high. The arrangement of the heds in the 
main mass of the hill is difficult to determine, as the sides are thickly ooverod with detritas 




Bketcb Section of Salws uid adjoining hills in Sonthem Kon%an. 

"and jangle, but at the western base shales generally associated with this sandstone occar» 
dipping slightly to the west and passing under the trap at its boundary, whilst the summit 
of the hill is formed by a thick bed of sandstone pink in colour, and either horizoutal or 
perhaps with a Tery slight dip westward. There are othet high hills or spurs on the ed^ 
of the ghlLts formed of sandstone lying on metamorphics which are partially disclosed 
and capped by the same thick bed of sandstone, here dipping eastward, the two portions 
of the beds on the respective hills being apparently the remains of a low anticlinal axis. 
The parts of these beds which intervened have been swept away, possibly before the trap 
covered up the country. The first flows of trap poured into the hollows between the hills, 
for at the boundary t>f this patch of sandstone the trap is generally found at their bases. 
As the successive flows of trap surrounded them, the highest ones remained probably as 
islands in a sea of trap. Finally they became covered up by some of the higher beds, which 
are now only seen in the scarped sides of the gh&ts a few miles eastward. As I hare 
mentioned, this trap with the exception of one or two patches, has since been denuded. The 
efl*ects of denudation on the trap west of Salwa hill are rather curious, for side by side with 
this hill, their bases almost touching, is another hiU quite conical in shape, and formed 
entirely of successive beds of trap. The two are nearly equal in height and present a strong 
contrast to each other, the trap hill conical in shape and almost devoid of vegetation with 
the lines of flow of the trap showing black and strong, and the sandstone hill, long, flat-topped 
and thickly wooded. 

The country south of this patch of sandstone is covered by a band of trap about ten 
miles wide. The lowest beds of this are approximately at the same elevation as the hiterite 
plateau to the west under which they pass, bnt there are lofty spurs running out on them 
formed of higher beds. When the trap passes under the laterite, it no longer influences 
the aspect of the country which is now a slightly undulating plateau intersected by deep 
ravines, in which trap, sandstone, and often the older metamorphics, are disclosed. 

The southernmost boundary of the trap bears in a direction west by south along the 
north side of the valley formed by the Usya Mut (or Eimkaoli) river. From Ramgurh it 
beara more north-west, and is found down to the sea at Eunkeshwar just south of 
Deogurh. 

In the Usya Mut valley, which is the northern boundaiy of the Sawunt Waree state, 
the older metamorphics are disclosed, and from this southward the denudation of the country 
before the outpouring of the trap appears to have removed most of the sandstone, which 
conceals the older metamorphics almost entu*ely more to the north. The metamorphics onl/ 
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attain a very slight ekyatioii about this pait of the country, and outlyinif trap ii fWund 
capping them to the soath of the vaUey forming low comparatively flat* topped hillii, varied 
by higher spurs to the east of KolsooU. This trap also becomes concealed imilor the laU^riio, 
south of Kunkooli (IJsya Mut), the edges of the b^d (for it seems as if only uns bod i^xtiinded 
far) being seen in the scarped sides of the laterite hills not iax from Uioir sumniiU. HiUl 
farther south-west and extending almost to Malwun, outliers of trap ore found overlying the 
metamorphics and under the laterite. 

Soath oi the trap hills and spura which are found in the northern part of the 8awunt 
Waree state, the metamorphic rooka attain a greater elevation, forming bftj spurn in the 
ueighbonxhood of the ghats. The earlier trap flows abutted against these bills, but it wiie 
only the higher beds which conld have concealed their summits, and as you go south out- 
lying patches are still found capping the great metamorphic ridges, even ae far westward 
as the town, of Sawunt Waree, on the hills whioh surround that place* 

In the gh&ts the older rocks attain a greater and greater heighti and are only covered 
by two or three beds of a. very inconsiderable thickness. 

There ia. a eurioos example of outlying patches of the highest beds iA the gh4U in 
the shape of small slab-like masses of trap rock left on the most elevated parts of the spurs. 
These from their almost inaccessible position were long ago chosen as sites on which hill 
forts were constructed. They are generally separated from the ghAts by a dMfp gorg<*, jls 
examples of these forts in the Sawunt Waree state may be instaoced those of Uarigna* 
l^onohur, Hummutgur, Pargurh, Suda» &A, 

The Sawunt Waree state is composed for the most part o^ metamorphic rocks, \mi iht^n 
is at the northern part, aa I have mentioned, a considerable quantity of tn^v, and on the w^st 
the narrow band of laterite. These with the ghiu on the east form physiral featMrsa 
which serve as a sort of natural boundary to the country. The great metarmirphif; »yurn 
V hich run out west from under the mural terminaitoo of the Deeiaan trap at Uje ghAte, 
extend to varying distances, and either end abruptly or break into dnsters i^ Umer hille^ 
The intervening country is low and covered with thicker soil than is osfially tlie fasse io th# 
Konkan : this lendeia the Sawunt Waree state man open t« eultivalkfa thao the Imn^u 
kterite platean to the west and north. 

Die soil is obtained from the diAintegratieQ of the metamorphic rorks, and U light 
coloured and clayey, though fine sandy soil oofrurs as frerj uently, beii>g dtftittA frtfttt ihtf 
quartzite and altered saodstoae so abundant in the dMtii^ 

Along the aOnvial haska of the vircea, riee m rxtenmr^y tmhhaUM ^rm% aO i\^ fttm 
wason, a system of irrigadco being egiahilALed by m^^ana of F«r«iao w>i^k und tAJM^ ^/«^ 
trivanoea. By these water is coactandy raiMsd Uf/ta th« >f*4ii *4 th^ nv«rs» *ti4 «):«ff .v»v4 
by chanBcis to ^e diftrat p4rxs of riee grritond is th« M»gr*fi<^eHbM4« Hk^tm ^vis ha^^.r^ 
been ps ci kwait pRpesed. They osassst of rkh aCirikJ m.-ai tnr*T^ Hy %%rfy^!fr^,t urtUt 
cuannek fior the waser. enascag each och«r at ri^rfi^ 9mgf>M^. Wu^{tk ^m •:f^u'*rj ^,»Uy idM 
\» JnrHart at wmj aaeSe, aa arrk£^p»«Mtirt 4f ^f^^Dui <s&Ae*ktte»te 'm ^>r.-4^r>*f^ «s^ ^r^w-^ 
r^ODded by a ^ssj^ aaci fonp^c^ a isw iiur^ea fel^r^ TW miMt idutf *.^jt0rf^i^' j «k^ vr«fi«.^ 
o:ie ieid is aZ>.v<*fi ^ t»s-aps a.^ *m uat y^^m, thry^^ a* 6<rl*« v\t ,u *jie ^MSfti^ 
Tub system ef ar^gac^ ia T«fy §»aitra«. j aui^le -mm W x^rAi^A^ !ae 
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On THE 8UPK)6XI> OCO0BBSNCB OF NaTIVB AkTIMDITT VS THB StBAIIB SBTTLBMSITIB, BT 

T. Oldham, Supdt^ Chologieal Survey <f India. 

About tbe middle of December last, a specimen of a beautiful silvery metallic substance 
was forwarded to this office from the H(9me Department, with a request that it might be 
analysed and reported on. It was stated to hare been discovered in the Straits Settlements, 
but no locality was given. 

On examination it proved to be Native Antimony, of great purity, yielding no trace of 
arsenic or of silver, and only a slight trace of iron and also of sulphur. This was reported to 
Government, and it was stated that if it occurred in any quantity, the discovery was a veiy 
valuable one. A nearly pure mineral like that forwarded would always command a maiket, 
and would realize about seventy -five pounds (£75) per ton in England. Enquiry was made 
as to the locality where found, &c., and a more recent letter from the Secretary to the Straits 
Grovemment, states, " that it was found on Pulo Obin or Ubin, an island lying at the east end 
of Silat Tambran, the strait dividing Singapore from the mainland ; that a careful seajnch had 
been made, and a reward offered to any person finding more of the same, but that up to the 
present time (16th February 1871) no more had been discovered, and that it seemed probable 
that the specimen received by the Government must have been introduced into the isUnd 
irom some other place as yet unknown." 

Native Antimony also occurs in Borneo, Sarawak, &c. 



On THB COMPOSITION OF ▲ DBF08IT IN THB BOILBBB OF StBAM EnOINBS AT RaNIOUKX, 

BT T. Oldham, SupdL, Oeological Survey qf India, 

During a recent visit to the Ranigunj collieries, I was struck with the amount and 
character of the deposit in some of the boilers of the Engines in use there : and was desirous 
of ascertaining the true composition. By the kindness of A. Stuart, Esq., the General Manager 
of the Bengal Coal Company, I obtained specimens. The specimen examined by Mr. Tween, 
Curator of the Geological Museum, was taken from the boiler at a deep pit near Ranigunj 
known as No. 36. The water, which feeds the boilers here, is all derived from the mine 
itself, passing from the pump heads through a filtering wall of fine sand, and received in s 
masonry tank, where a certain amount of fine matter is deposited on settling. This water, 
as it passes to the boilers, looks bright, clear and pure, has no taste, is hard, but not nn> 
pleasant, and altogether looks clear good water. From its use, however, a large amount 
of deposit results. This is thrown down in a fine almost impalpable powder, which, when 
dried in the air, is of a light ash-grey tint. Some of this was carefully dried by exposure 
for five hours at a temperature of 212" Ft, and the dried powder then analysed. 

It gave a percentage composition as follows r— 

TrtrnXK* •.« a(( ((( ■(( (.f «(« / 2 

Organic Buittsr ,.• ... ... ... ... S*I 

Insoluble clay ... ... ... ... ... 8*8 

Iron and alumina ... ... ... ... ... 1*23 

Carbonate of lime ... ... ... ... ... 47'67 

M of magnetta m* ... ... ... SS*00 

100-00 

This shows that the deposit consists chiefly of carbonates of lime and magnesia, which, 
doubtless, have been taken up from the calcareous and dolomitic sandstones, so frequent 
in the upper series of the Banigui\] field, by the surfSsboe water when passing through 
these rocks to the bottom of the mine. 

The organic matter showed as a slimy dark substance separated on the filtering paper. 
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As the water comee from the mines, the principal apparent imparities are minute 
particles of coal-dnst, and shale mechanically mixed with it, while it is certain that a 
portion, at least, of the iron will have heen derived from the rusting of the pumps, &c. But 
it will be seen that more than three-fourths of the whole consists of the carbonates of 
lime and of magnesia held in solution in the water. 



Note on the plant-be abing sandstones of the Godavery valley, on the south- 

BBN extension OP BOCKS BELONOINO TO THE KaHTHI GEOUP TO THE NEIGHBOUB- 
HOOD OF ElLORE AND RaJXmaNDBI, AND ON THE POSSIBLE OCCUBBENCE OF COAL 

IN THE SAME DiBECTiON, BY WiLLiAM T. Blanfobd, Deputy Superintendent, 
Geological Survey, India. 

Recent explorations in the Godavery valley below Sironcha, and in parts of the adjoin* 
ing country, have enabled me to ascertain that a very large area is occupied by represent- 
atives of the various formations which have been described in Bengal and the Central Pro- 
rinces under the names of Paochet, Damdda, and TiUchir. The occurrence of sandstone 
in the bed of the Godavery and along its banks throughout a large portion of the river's 
coarse below Sironcha was, I believe, first made known by Mr. Wall in the Madras Journal 
of Literature and Science, New Series, Yol. II. It now appears that sedimentary beds 
belonging to the Damuda group and its associates extend, apparently without a single 
break* from the neighbourhood of M&ngK and Phizdura, 34 miles in a direct line north-north- 
west of Oh&nda, to Ling&l£ on the Godavery, just above the top of the first barrier and 14 miles 
above Dumagddiam, or throughout a distance of 200 miles. A break then occurs which 
extends along the river for about 25 miles. The sandstones re-appear at Raigddiam, about 
6 miles below Bhadr&ohallam, and thence continue along the south or right bank of the 
river with one brief interruption for about 16 miles, terminating a little below the village 
of MAdav&ram. These beds, as will presently be shown, extend far to the southwards. 

Metamorphic and Yindhyan rocks occupy the bed of the river at the second and third 
barriers and for some miles below them, the remaining portion of the Pranhita and Godavery 
are in the soft sandstones and the associated beds, and at both barriers a continuous belt of 
the later sedimentaiy formations on the right bank of the river, though at a distance from 
its course, unites the areas occupied by the same rocks in the river's bed. 

Throughout the whole valley of the Pranhita and Godaveryt below the third barrier 
at the spot where the Wardh4 and Waingangd unite to form the first named stream, the area 
occupied by the plant-bearing sandstones on the left (north and east) bank of the river is but 
trifling, whilst from the right bank these beds extend for a great, but hitherto unascertained, 
distance into the little known tracts of the Nizam's territories belonging to the R&mghir and 
Kamarmet Sircars, and perhaps into Warangal. 

In the same manner the sandstones below Bhadr&challam occupy an area not exceeding 
8 or 10 square miles north of the (Jodavery, while to the south they cover a tract of country 
25 miles in breadth from east to west near the river, and gradually becoming broader till 
it is at least 60 miles across. It extends from the Godavery near Bhadr&chalhim till it is lost, 
60 miles further to the south, beneath the coast alluvium in the neighbourhood of EUore. 
To the south-east it stretches nearly to RAjamandri, extending to the banks of the Godavery 



• This cannot be atsted positively as jet, some portions of the groond not bsvlng been examined, Bnt no 
break exists exceeding a very few miles in extent. 

t The TsUey of the Godarery proper above the Jnnctlon of the Pranhita is geologically almost unknown. 
It is only certain that the greater portion eonsists of trap. 
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aear Polaviuraui, below the great gorge io the metamorphic rocks through whidi the 
river rone. At Pangadi near Big4mandri the eandstonee axe covered up by the bedded 
doieriteeof the Deccan trap, juat as, 300 miles ia a direct line to the north-west, the same 
sandstones, in the districts of Chanda and South-east Berar, disappear beueath the same 
traps on the eastern verge of the great basaltic area of the Deccan. 

The proportion of the enormous extent of sedimentary rocks in the valley of the 
Godavery and its neighbourhood, which is occupied by the valuable ooal-bearing beds of 
the Damuda group, appears, so far as research has hitherto extended, to be extremely small 
Here and there along the boundary of the sandstone tract, beds are found with the nunerd 
character of the Bar&kar group of Bengal. Such is the case near Chandi, and the same 
beds occur at Ling&l&, above the first barrier, and at M^^viram below it; and in each 
case where these rocks have been observed, coal beds, sometimes of little or no value it is 
true, have been found associated with them. It is highly probable that further examination 
will show the presence of these valuable beds in several places where they hare not hitherto 
been detected, but the search is difficult, because the surface of the country in which the 
sandstones are found is greatly concealed b^ a thick covering of sandy clay and sand. 
derived firom the disintegration of the soft argillaceous sandstones. 

The lower Panchets of Bengal, to which the name Panchet should perhaps be restricted, 
appear to be represented by rocks of similar mineral character in the Godavery vallej, 
but further examination of these beds is necessary in order to determine their position 
in the series and their relations to the limestones containing fish remains, which are met 
with in several places near Sironoha. 

The T&lchirs, at the base of the great series, precisely resemble their representatives 
elsewhere, but the unconformity between them and the Damddas appears to be grcater 
than usual. 

These formations, the Barakars, Panchets, and T&lchirs, together do not take up a 
tenth part of the area occupied by the sandstones. The great bulk of these consist of 
coarse argillaceous sandstones and grits of no very marked character, with hard ferrugiuoiis 
bands. The few fossils found in them, chiefly Verteln^ria, Calamiiea, and Qlo$9opten», 
are identical with Damdda forms, but the mineral character of the beds taken as a whole 
is always slightly and sometimes remarkably different from that of any true Damdda beds, 
as found elsewhere, while the fossil plants seem to preclude the idea of associating these 
rocks with the Panchets, the flora of which, so far as it is known, is very different One 
of the most striking distinctions between these beds and the Damddas proper is the absence 
of coal and of any carbonaceous matter in the former, even the plant remains having 
lost their carbon and existing as mere impressions. It appears, therefore, desirable, both 
for scientific and economic reasons, to apply a distinctive term to these beds, restricting 
the name Damdda to the group or groups which usually contain coal. For these reasons, 
I proposed some years since the name of Kdmtki beds for some rocks near Nagpdr which 
belong to this group. The name has since come into more general use on the Survey, and 
it has become necessary briefly to repeat the reasons for first adopting it. The K^mthi 
group is inteimediate in position between the Barakar and Panchet groups. 

So far as their geological examination has progressed, the immense mass of argillaceous 
sandstones which occupy so large a proportion of the country in Chanda and South-east 
Berar appears to belong to the Edmthi group. The same is probably the case with the 
sandstones of Sironcha and those on the right bank of the Godavery, which have, however, 
hitherto remained unexplored. The beds extending south of the Godavery towards Ellore 
and RAj&mandri appear to me to differ in no important respect from the rocks in Chinda. 
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Sections, except on the sides d hills, are unusually rare, predsely as in the more northern 
aiea, and the great mass of the rocks consists of white and brown argiUaceous sandstones^ 
grit» nd conglomerate, with so little marked mineral character that they might be either 
Bsiftkar, Kimthi, or Panehet. On the Qodaveiy, below Bhadrichallam. it is veiy difficult 
to draw a fine between the Damdda and K&mthi groups. 

But in the neighbourhood of Ellore and B^j&mandri the sandstones are frequently 
▼ariegated in a peculiar and characteristic manner. They are associated with numerous 
hard bands of ferruginous grit and compact red and yellow shale. In one instance sand- 
itone was found with a pecufiar semi-vitreous texture, which is very characteristic of some 
beds in Ch&nda and Berar. All these characten lead unmistakeably to the conclusion that 
these rocks ara the rapresentatives of the E4mthi beds of N&gpur and Ch&nda. 

Let it not be supposed that this condnsion is a mere abstract scientific matter, interest- 
ing perhaps to geologists, but of no importance to the world in general. In reality it involves 
a most serious economic question. It is quite unnecessary to remark that the discovery of 
coal in the Madras Presidency is a great desideratum. Hitherto, despite much research, 
neither coal nor the rocks with which coal is associated in India have been met with in any 
part of the country south of the Godavery. The tracing, therefora, into the Madras Presi- 
dency of sandstones belonging to the great series of which the coal-bearing beds of Bengal 
form a portion is of great interest and importance, because there is a possibility of the coal- 
bearing beds being associated with them.* The greater part of the working season of 
1870>7l has been devoted to the very important borings for coal on the Gk)davery, and I have 
been unable to give nearly sufficient time to the examination of the Ellore and B&j4mandri 
eoimtry to enable me to ascertain with certainty the presence or absence of Damiida beds. 
Indeed, the surface of the rocks, although much better exposed than is the case a little 
farther to the north, is so far concealed that it will probably be neoessary to bore in order 
to determine this question. But although there is fair possibility of coal-bearing rocks 
Iwing found, I could not positively detect their presence anywhere, and in one or two places, 
the base of the K&mthis was seen resting upon the metamorphio rocks, all beds of the 
^^tida group being wanting. 

In conclusion I may briefly describe the limits of the E&mthi sandstone area near Ellore 
and Bigiimandri. ^e northern boundary runs nearly east and west from Baigtidiam on the 
Godavery to Paldncha. There it turns sharply to the south, and the eastern boundary 
extends thence at first south, then south-east to Chintalpddi, 20 miles north-by-west of 
Ellore. Thence, after making a sweep to the westward, the boundary runs to the south, 
P^ng JHst east of the large town of Ndzed (Noozeid or Noozudoo), whence it turns south- 
west, and finally reaches the alluvial plain of Ellore near a village called Krishnaw&ram, 
at a spot nearly 20 miles east-by-north of Bezw&r&, and 16 miles west-by-south of Ellore. 

Along the southern part of this boundary, near Ndzed, the base of the sandstones is 
veil exposed in several places, and, so far as I was able to examine, there was no trace of 
^mdda rocks. Still, further and closer examination is desirable before the same oondusion 
<^w be arrived at for the whole country. 

The KImthi beds stretch along the edge of the alluvium from the point already mentioned 
«»t-by-8outh of Ellore to the Godavery, trap intervening near the ktter river at Pangadi, 
u already mentioned. The beds are in general flat, or dip at low angles. 



* 8o far u I am aware,— I am wnting witboot maana of reference, and may be miatakea— Uw ooenrreDce of 
ibcie nadaUmea near Ellore and RA)4niandrl baa not before been noticed. 
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The eastern or rather aorth-eaatern limit of the sandatoDe aiea extends from thr 
Qodavery at PondigdL 12 miles below Bhadx4challam» through the western portion of the 
mass of hills which culminate at the trigonometrical station of Bogota. The boandary 
passes a few miles east of Ashr6opetta» and thenoe trends nearly dae east in the direction of 
A point on the Godavery a little south of PoLiv&ram. Whether it crosses the river has not 
been ascertained. 

This boundary also has only been roost earsonly examined, and it is impossible at present 
even to guess whether Damdda beds occur along it or not. They are found on the north 
dose to the Qodavery, but they appear to be wanting in the hills a few miles further sonth. 
Some sandstones were seen near Ashriopetta which had the appearance of Barakan, but it 
should be repeated that after much experience of the two formations BarUcar and Kamtbi, 
I confess myself often unable to distinguish between the sandstones which usually form the 
bulk of both groups. I can only conclude that further examination of both boundiin(«, 
first geological and afterwards by boring, is requisite. This is especially a case in which 
research, to have any chance of success, must proceed on purely geological principles. 



DONATIONS TO THE MUSEUM. 

Specimen of coal from new workings at Kasta, by F. B. Rebd, Esq., Soory. 

Fossils from the Chittagong country, by C. Bbownlow, Esq., Cachar. These oont«ned 
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Specimens of rocks and fossils from the limestone ridges north of the Linzithang plab, 
from Db. Caylby. 

Specimens of rough jade, and of a rude stone-mortar, small wooden wedges, &c, found in 
the now abandoned jade quarries opposite Gnlbasha, from Db. Caylbt. 
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Bbonn, Db. H. G. — ^KLissen und Ordnungen des Thier-Reichs, Bd. VI, Abth. 4, 8vo., 1870, 

Leipzig and Heidelberg. 
D0NKBB, Db. WM.^Novitates Conchologicee : Abbildung und Beschrdbung neuer Con- 

chylien, Abih. II, Lief. 16, 4to., 1870, Cassel. 
Geological Magazine, Vol VII, No. 12, 8vo., 1870, London. 
Indian Economist, with Agricultural Ghizette and Statistical Reporter, Vol. II, Nos. 4-8. 

With an Index to Vol. I, 4to., 1870-71, Calcutta. 

GOYBBNMBNT OF InDIA. 

Lbonhabd, G., und Gbinitz, H. B.— Neues Jahrbuch fiir Mineralogie, Geologic, und 

PalflBontologie, Heft. 6-7, 8vo., 1870, Stuttgart 
List of Civil Officers holding gazetted appointments under the Govermnent of India on 

# 

iBt July 1870, 8vo., 1870, Calcutta. Govt, of India. 

OosTBB, W. An and Oostbb, C. von Fischbb.— Protozoe Helvetica, Band II, Abth. 2, 4to., 

1870, Basel. 
Palffiontographica, Bd. 17, Pt 6, and Bd. 10, Pt 4, 4to., 1870, Cassel. 
Pbtbbmann, Db. A. — Geographische Mittheilungen, Bd. 16, Nos. XI-XII, 4to., 1870, Gotha. 
Pfeiffbb, Db. Louis. — Novitates Conchologicte : Abbildung und Beschreibung neuer 

Conchylien, Abth. I, Pt. 37, 4to., 1870, Cassel. 

Novitates Conohologice, Supple. Ill, Lief. 28-29. Monographic 

der Molluskengattung Venus Linn^ von Dr. £. Bomer, 4to., 

1870, Cassel. 

PiCTBT, F. J. — Matdriaux pour la Pal^ntologie Suisse, 5th ser., Liv. 9, 4to., 1870, Geneve 

and Bale. 
QuBNSTBDT, F. A. — Petrefactcnkunde Deutchlands. Band II, Brachiopoden, Hefl. 4, 8vo., 

1871. With Atlas, Leipzig. 
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GoTBBKnvT Sxtxcnoira. 

Bbvoal. — Annual Report on the Administration of the Bengal Presidency for 1869-70, 

8yo., 1870, Calcutta. Govt, of Bevoil. 

„ General Beport on the Revenue Survey Operations of the Bengal Presidency, 

Upper Cirde, for 1869-70, fls., 1871, Calcutta. 

SCFDT., RSTBVUX SUBVIT. 

„ Report on the Revenue Survey Operations of the Lower Provincen for 1869-70, 

fb., 1870, Calcutta. Sitfdt., Rbvbnitb Subvbt. 

„ Selections from the Records of the Bengal Government, Public Works Depart- 
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ing the Damooda Canal Project, 8vo., 1871, Calcutta. 

Govt, of Bbboil. 
Bbitish BvBif ah. — Report on the Revenue Survey Operations in British Bnnnah for 
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Htdbabad.— Administration Report by the Resident at Hydrabad, and Report on the 

Administration of the Hydrabad Assigned Districts for 1869-70, 
8vo., 1870, Hydrabad. Thb RBsissin'. 

India. — General Report on the Operations of the Post Office in India for the year 1869-70, 

8vo., 1871, Calcutta. Govt, of Ibdu. 

„ Moktgokbbib, Majob T. G.^Report on the Trans-Himalayan Explorations in 

connection with the Great Trigonometrical Survey of India during 
1869, fls., 1869, Dehra Doon. Thb Auteob 

Selections from the Records of the Government of India, Home DepartmeDt, 

No. LXXII. Notes on Jails and Jail Discipline in India, 1867-6S» 
by A. P. Howell, 8vo., 1869, Calcutta. Govt, of Ikdu. 

Selections from the Records of the Government of India, Foreign Department, 

No. LXXVIII, 8vo., 1870, Calcutta. Govt, of Iudu. 

Thvilubb, Col. H. L., b. a. — General Report on the Topographical Surreys of 

India for season 1869-70, fls., 1871, Calcutta. 

SUBVETOB Ge2^EAL. 

Walkeb, Col. J. T., b. e.— General Report on the Operations of the Great Tiigo- 

nometrical Survey of India during 1869-70, fls., 1870, Roorkee. 

Govt, of Indu. 

Nobth-Westbbh Pbovincbs. — Report on the Administration of the North-Westem Ptoy- 

inces for the year 1869-70, 8vo., 1871, Allahabad. 

Govt, of N. W. PBOViifCBB. 
PoBT Blaib.— Annual Beport on the Convict Settlement of Port Blair for the year 1869-70, 

8vo., 1870. Govt, of India, Homb Dbpt. 

Annual Sanitary and Medical Beport on the Settlement of Port Blair, Anda- 

mans, for the year 1869, 4to., 1870. Govt, of Iuwa. 

JOUBKALS, TbAHSACTIONS. 

Batavia.— -Tijdschrifl voor indische Taal, Land-en Volkenkunde, 4th and Stii ser., Vol. 

XIII— XVin, Afle. 1, 8vo., 1863-69, Batavia. 

ROTAL SOCIBTY, BaTAVU. 
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Vol. XXX~XXXIII, 4to., 186368, Batavia. 

RoTAL SOCIBTY, BaTATU. 
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TUUm of Book*. Douon, 

Batatia. — Catalog:a8 der Numiainatisofae Afdeeling^ van het Museum van het Bataviaasch 

Genootsuhap van kunsten en Wetenschappen, 8vo., 1869, Batayia. 

BOTAL SOCIBTT, BaTATZA. 

„ Cfiijs, J. A. Yak der. — Catalogus der Bibliotheek van het Bataviaasch Ge- 

nootechapvan kunsten en Wetenachappen, 8vo., 1864^ Batavia. 

BoTAL SOCIBTT, BaTAYIA. 

„ Katalogns der Ethnologieohe Afdeeling van het Mnaenm van het Bataviaasch 

Genootechap van kunsten en Wetenschappen, 8vo., 1868, Batavia. 

BOTAL SOCIBTY, BaTAYIA. 

n Notnlen van de Algemeene en Beetuurs-Vergaderingen van het Bataviaasch 

Genootschap van kunsten en Wetenachappen, Vol. I (1863) — ^Vll, 
(1869), 8vo., 1863-69, Batavia. Botal Socistt, Batatia. 

BBBUN.^-Monatsbericht der koniglich Preussischen Akademie der Wissenchaflen zu Berlin, 

August to December, 8vo., 1870, Berlin. Thb Acadbmt. 

Boston. — Gould, Augustus A. — Beport on the Invertebrata of Massachusetts, 8vo., 1870, 

Boston. Thb Natural Histobt Socibtt. 

„ Proceedings of the Boston Society of Natural History, Yol. XII, p. 273-end, 

Yol. XIII, p. 1-224, 8vo., 1869, Boston. Thb Socibtt. 

Calcutta. — Journal of the Asiatic Society of Bengal, new series, Yol. XXXTX, Pt. I, No. 4, 

and Pt. II, No. 4 (1870), Yol. XL, R. II, No. 1 (1871), 8vo., 

1870-71, Calcutta. Thb Socibtt. 

„ Proceedings of the Asiatic Society of Bengal, No. 11 (1870), Nos. 1.2 (1871), 

8vo., 1870-71, Calcutta. Thb Socibtt. 

„ Beooids of the Geological Survey of India, Yol. lY, pt. I, 8vo., 1871, Calcutta. 

Thb Subvbt. 
CoPBiiHAOBK. — Det kongelige danske Yidenskabemes Selskabs Skrifter. 6 Baskke, Natur- 

videns. og Mathem. Afdeling, Bd. I (1849), lY (1859), Bd. VI 
(1867), YII (1868), 4to., 1849—1868, Copenhagen. 

Danish Acadbkt. 
„ Oversight over det kong. danske Yidenskabemes Selskabs Forhandlinger og 

dets Medlemmer's Arbeider. 
Nos. 4-5, April — December (1865). 
Nos. 2-7, February— December (1866). 
Nos. 1-7, January — December (1867). 
Nos. 1-5, January — December (1868). 
Nos. 1-3, January to June (1869), 8vo., 1865-1869, Copenhagen. 

Danish Acadbmt. 
y, PiNQBL, C— Om den af Porphyrgange Gjennembrudte Bode Sandsteem I 

det Sydlige Gr5nland, 4to., 1843, Copenhagen. 

Danish Acadbmt. 
„ Stbbn, Adolph. — Om Integrationen af Difieiential-Ugninger der fine til 

Additionstheoremer for transoendente Funktioner, 4to., 1868, Co- 
penhagen. Danish Acadbmt. 
„ Stbbn, Adolph. — Om JEndringen af Integraler af irrationale Differentialer 

til Nomudformen for det elliptiske Integral af fisrste Art, 4to., 

1869, Copenhagen. Danish Acadbmt. 

„. Thomsbn, Julius. — Thennochemiske Underscegelser, over Affinitets-for- 

holdene imellem Syrer og Baser i vandig Oplsning, 4to., 1869, 
Copenhagen. Danish Acadbmt. 
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Titles of Boohs, Donors, 

CoPBNHAOBir. — ^THOKSsy, JuLiufl. — ThermoohemiBke Undeno^lser, 4to., 1869, Copen- 
hagen. Danish Academy. 

Edikbttboh. — ^TranBactiona of the Royal Scottish Society of Arts, Vol. VIII, Pt. 2, 8to., 

1870, Edinhurgh. Thb Society. 

Flobbvcb. — Bolletino B. Comitato Geologioo Dltalia, Nos. 9-12, 8to., 1870, Florence. 

TfiB Society. 

LoKDOK.— Journal of the Society of Arts, Vol. XVIII, No. 938, Vol. XIX, Nos. 939—948, 

8vo., 1870-71, London. Thb Society. 

PalsBontogmphical Society, Vol. XXIV, issned for 1870, 4to., 1871, London. 
Philosophical Transactions of the Royal Society of London, Vol. 160, Pt I, 4to., 
1870, London. Thb Society. 

Proceedings of the Royal Society, Vol. XIX, Nos. 123, 124, 8vo., 1870, London. 

Thb Society. 

Proceedings of the Royal Geographical Society, Vol. XIV, No. 6, 8vo., 1870. 
London. Thb Society. 

Quarterly Journal of the Geological Society of London, Vol. XXVI, Pt. 4, 
No. 104, 8vo., 1870, London. Thb Society. 

Melboubnb. — Report of the Mining Surireyors and Registrars for quarter ending 31st 

December 1870, folio. 1871, Melbourne. 

Secy., Mikino Deft., Victobia. 

Moscou. — Bull, de la Soci^t^ Imp^riale des Naturalistes de Moscou, Tome XLIII, No. 1, 

8vo., 1870, Moscou. Thb Society. 

MUNCBBN. — ^Abhandlungen der Mathematisch-Physikalischen Cksse der konig. Bayer. 

Akad. der Wiftsenschaften, Bd. X, Abth. 3, 4to., 1870, Miinchen. 

Thb Academy. 

Lahont, Db. J. T. — Annalen der Eoniglichen Stemwarte bei Munchen, 
Bd. XVII, 8to., 1869, Munchen. Thb Academy. 

Sitzungsberichte der konigl. bayer. Akademie der Wissenschaften zu Miinchen, II. 
Heft. 3-4 (1869), I Heft. 1-4 (1870), 8vo., 1869-70, Munchen. 

Thb Academy. 

„ Verzeichniss von 4793 telescopischen Stemen. IX Supplementband zn den 

Annalen der Munchen Stemwarte, 8vo., 1869, Miinchen. 

Thb Academy. 

Maikb, U. S. — Third Report of the Commissioner of Fisheries of the State of Maine for 

1869, 8vo., 1870, Augusta. 

Poetland Socibty of Natubal Histosy. 

Philadelphia. —Journal of the Franklin Institute, Vol. LX, Nos. 3-4, 8vo., 1870, Phila- 
delphia. Thb Institute. 

„ Proceedings of the American Philosophical Society, Vol. XI, No. 82, 8vo., 

1869, Philadelphia. The Society. 

Salem.— Bulletin of the Essex Institute, Vol. I, Nos. 1-12, 8vo., 1870, Salem. 

The Institute. 
„ On the Egg-Tooth of Snakes and Lizards, 8vo., 1867, Salem. 

The Institute. 

„ Proceedings and communications of the Essex Institute, Vol. VI, Pt. 1 (1868). 

(With an Historical Notice, 8vo., 1866), 8vo., 1870, Salem. 

The Institute. 
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Titles of Books. Donors, 

ToBONTO. — Canadian Journal of Science, Literature, and History, Vol. XII, No. 6, 8vo., 

1870, Toronto. Caxadias Institute. 

YiBKNA. — Jahrbuch der KaiBerlich-Edniglichen Geologischen Beichs-anstalt, Bd. XX, Svo., 

1870, Vienna. Thb Ivstitutb. 

„ Hbuss, Db» a. — Die Fossilen Mollusken der Tertifer-Beckens von Wien., Bd. II, 

9-10, 4to., 1870, Vienna. The Imstitutb. 

„ Verhandlungen der Eaiserlich-Koniglichen Geologischen Reichsanstalt, No. 1, 

8vo., 1871, Vienna. The Institute. 

„ Verhandlungen der Elaiserlich-Koniglicben ZoologiBcb-botanischen Gesellschafl. 

in Wien., Bd. XIX, 8vo., 1869, Vienna. 
Waehington. — ^Annual Keport of the Board of Regents of the Smithsonian Institute for 

1868, 8to., 1869, Washington. Smithsonian Institute. 

Dean, John. — The Gray Substance of the Medulla oblongata and trope' 
zium, 173, 4to., 1869, Washington. Shith. Institute. 

PiCKESiNO, Chablbs. — The Gliddon Mummy-Case in the Museum of the 
Smithsonian Institute, 4to., 1869, Washington. 

Smith. Institute. 

„ Saceen, B. Osten. — Monographs of the Diptera of North America, Pt. IV, 

8vo., 1869, Washington. Smith. Institute. 

„ Swan, Jambs G.— The Indians of Cape Flattery, 4to., 1869, Washington. 

Smith. Institute. 

„ Report of the Commissbner of Agriculture for. 1868, 8to., 1869, Washing- 

ton. Dbpt. of Agbicultubb, U. S., Ambbioa. 

Maps. 

DscHEN, Db. yon. — Erlanterungen der geologischen Earte der Rheinprovinz nnd der 

Provinz Westphalen, Theil. I, 8vo., 1870, Bonn. 
With large folio map. 
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RECORDS 

OF THB 



GEOLOGICAL SURVEY OF INDIA 



Part 3.] 1871. [Augusts 



RePOBT on THB PB0OSB8S AND BESUtTS OF BOBINOB FOB COAL IN THB GoDjCYABi 

Vallbt neab DtJMAGtJDEM AND BhadbXchalam, hy W. T. Blanfobd, F. G- S., 
Deputy SuperintendeTU, Oeological Survey of India, 

The occurrenoe of fragmentf of nhtlj ooal in the bed of the Grod^yaif close to the 
spot where the Tal river joiiiB it from the north, about twelve miles above Ddmagudem, has 
been known for several years. It was noticed bj Mr. Wall in his report of his journey to 
Kota near Sironcha in 1857, and the coal was by him supposed to be derived from the Tal river» 
An examination of the T41 for a considerable distance above its junction with the God&varC, 
however, having proved fruitless. Colonel Haig, the Superintending Engineer of the God&varC 
Navigation Works, asked me to examine the spot; when I was marching down the valley in 
May 1867. I found that in the T&l, near its junction with the GodAvail, the only rocks 
exposed belonged to the T41ch(r gpnsup, whilst the Damdd4 shales and sandstones, which alone 
have been hitherto found in the Indian Peninsula to contain coal, appeared at the spot where the 
smaller stream joined the Goddvari, and I suggested that the coal probably came from a seam 
buried beneath the sand of the river, and advised exploration by digging away the sand 
and closely examining the rocks. This was done by Mr. Yanstavem, Executive Engineer^ 
and resulted in the discovery of coal in four places, all a little lower down the river than 
the mouth of the T41, so that the bed £rom which the fragments first found were derived 
has not yet been detected, but as a large quantity of silt and sand has been accumulated 
near the month of the T&l of late years, it is probably now covered to a considerable depth. 
The quality was inferior. Of the seams found, two, neither of them exceeding 2 feet in 
thickness, were detected dose to the left bank of the river, opposite the village of Lingala. 
The quality of the coal is rather inferior, and both seams thin out and disappear within a 
few yarda; moreover, as the dip of the rocks at Lingal& is towards the river bed, or south- 
west, and the outcrop exactly parallel with the bank, it is clear that the beds, even if of good 
quality, could not be easily worked at this spot, as the whole of them within any reasonable- 
depth must be beneath the bed of the river. 

The third seam found crops out in the middle of the river bed ; it is about 5 feet thick, and 
the quality appears better than in the other seams. The reef of sandstone resting on this ooaL 
can be fairly traced at intervals for some distance, and after running along the river for about 
a mile, it turns in towards the right or south-west bank. Here its course becomes obscure. 
Borings were put down by Mr. Yanstavem near the spot where the coal would probably crop 
out on the bank, bat without success. Another thin seam, only 2 feet thick, has also been 
detected by Mr. Yanstavem on the right bank of the river. This, like the two first met 
with, thins out within a few yards in one direction. 
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I reached Ddmagddem on the 25th December 1870, and learned from Colonel Hug that 
hesidea the coal at Lmg&14 near the mouth of the T41, some had been reported farther down 
the river at a village named Madav4ram below Bhadr&chalam. This place ia below 
the first barrier on the Godavar{, imd is consequently at all times in free communication by 
water with the coast, whilst Ling&14 is above the first barrier, and although communication 
is now possible during the greater part of the year, it is not easy for laden boats except for a 
few months. At the spot where coal was said to have been found, I could detect nothing except 
some shaly dark coloured sandstone, but the rocks around were unmistakeably Damddas 
and there was every reason to hope for success in the search. 

An examination of the ground showed that the Damddi rocks extend for a short 
distance on both banks of the river, but that sections are very few and imperfect. On tbe 
lefl bank which belongs to the Upper GK)d4var(* districts, there are scarcely any rocks 
visible except at the hills near Daorpali, and these are probably of a higher group, nearly the 
whole surface elsewhere being covered with alluvium. The beds appear to extend about 
six miles along the river from Gogubaka to Nandigdr, but not more than from a mile to a mile 
and a half from the bank. On the right (south) bank of the river they extend about five 
miles' from Pal4ram to the bend below Madav&ram, stretching for a mile and a half to two 
miles inland. Above Pa]4ram there is a break occnpied by metamorphic rocks for a mile 
and a half; above this, again, at Pundigtil the Damdd&a re-appear and occur for about 
one and a half miles to a litUe above Amrav&ram, then they aro covered apparently by 
the K&mth£s, but the two groups here resemble each other so much in mineral character 
that their limits are difficult to define, especially as nearly the whole surface of the country 
is thickly covered with alluvial deposit. The Damdd&s near Amrav&rmm cannot be traced 
more than about a mile and a half from the river's banks, beyond this limit they are entirely 
overlapped by the K&mthis. 

Along the right (or south) bank of the God^vari a tolerable section of the Damddas 
is exposed, consisting of conglomerate, sandstone, shale and clay, but no coal. There are, 
however, many breaks in the section, and it is evident that an examination of these by boring 
would prove conclusively the presence or absence of any bed of coal extending over the whole 
field. Local beds, of course, might be found elsewhere, but their value must be comparatively 
smalL It is also manifest that a thorough exploration can only be made south of the 
river, as to the north the beds are so much concealed that, except in a few spots, all borings 
must be put down at haphazard. 

The general dip seen in the river's bank near Madavtom is to the westward, the rocks 
at the village being inclined at a high angle and much broken and disturbed ; a short dis- 
tance to the east down the river there is an anticlinal, at the cfpot where a small stream enters 
the river. From this point eastwards to the bend of the river, a distance of less than a quarter 
of a mile, the rocks either have a low dip to the east or are horizontal, and the prevaleno» 
of conglomerate shows them to be in all probability near the base or limit of the formation. 

It is evident that the anticlinal exposes the lowest rocks to be seen on the river bank, 
and that a boring at this spot must penetrate beds lower in the series than any exposed 
elsewhere. On the arrival of the boring tools, I arranged with Mr. Vanstavem for a borehole 
to be begun at this spot. This was commenced on January 17th and carried on until April 
12th, up to which time 192 feet had been penetrated ; the borehole was then stopped in 

* I do not know who bestowed this name on the dirtriott, but it is an absoid misnomtr. The Upper Qodiwi 
can only be that portion of the river's coarse above its Junction with the Pranhit^ if not higher stil), where it 
traverses the Bombay Presidency. Bironcfatf at the upper extremity of these " Upper Godtfvarf districts" is 210 miles 
as the crow flies from the mouth of the river and 400 miles from its soaree I 
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conseqaeaoe of the took being r^qaired to prove the coal disooverad on the oppoaite side of 
the river. The aeotioD passed through wa»^- 

Ft. Iiu 

1.— Brown sandstone ... ... ... ... ... 24 6 

3.— Shals and cUj of varioas colours, mostly dark-grey ... ... 21 1 

f Coal and shale mixed ... ... ... ... ... o 6 

Dark-ffrey shale ... ... ... ... ... ... 7 

Ditto ditto with fragments of coal ... ... ... 8 

V. Ditto ditto ... ... ... ... ... ... 18 

4.— White sandstone, oonglomeratic in places, with thin beds of shale 

towards the base ... ... ... ... 63 9 

6.— Shale and clay with a little sandstone ... ... ... ... 37 2 

I voai ... ... ... ... ... .,, ... \j o 

*^ (Black shale and coal ... ... ... ... ... i 4 

7.— Dark-grey shale with a few fragments of coal in two places ... ... 26 1 

8.— White sandstone ... ... ... ... 8 4 



3. 



183 6 



I next arranged for a series of fourteen borings to explore the portions of the section not 
exposed in the river banks to' the west of Madav^ram between that village and Damarcherla. 
These varied in deptb from 6 to 200 feet, according to the extent of the breaks in the 
section, and the plan proposed was that all the smaller boreholes not exceeding 35 feet 
in depth, nine in number, should be made by jumpers with extra lengths of light rods to 
screw on. The remaining five boreholes alone would require the use of the heavier boring 
rods. In the ground opposite Madav&ram no boveholea were put, because the breaks ifi the 
section aro trifling, and the distofbaace so great that there la reason to believe that a iepet»> 
tion of beds takes place. 

To the west of Damarcherla one or two additional boreholes might have been required, 
bat a little beyond the village the beds tram up, dipping east, and then roll over again, and 
just beyond the small antielinal, very unpromising conglomerates, perhaps belonging to a 
higher group, oome in, in which there is no break of section which oonld ooneeal a coal seam* 
Two or three small jumper holes were put down to the east of Madaviram. 

Of the holes' proposed six were carried out, viz,, four jumper holes and two boreholes, 
when peremptory orders were received from the Government of India to discontinue all 
boring operations in the Nizam's dominions. It is doubtM whether the boreholes in the 
bed of the river were in the Nizam's dominions, but pending a reference to the Government 
of the Central Provinces, one set of boring took was moved across the river into British 
territory in order to test some ground near the boundary of the field, and close to the base 
of the measures, on a horizon which did not appear to have been proved by the borings on 
the opposite bank. 

It should be stated that the borings, so far as they had been carried out on the right 
bank, had shown the existence of sandstones and shales similar in eveiy respect to those 
seen in the bank of the river, except that in two or three instances small firagments of coal, 
proving the existenoe of veiy thin seams, probably not exceeding two or three inches in thick- 
ness, had been brought up by the borer. These little seams, although absolutely worthless in 
themselves, are of importance, as indicating that the mineral does occur in the beds, and 
that hopes may be entertained of larger seams being found. ^ 

The place selected for a boring on the north or British bank of the God&vaxl was on 
the right or west bank of a stream called the Gan4r, rather less than hatf a mile from the 
God&vari, and about the same distance east of the village of Titpali, at a spot where some 
brown sandstone, dipping to the south, is seen on the bank of the watercourse. A little 
more sandstone of the same kind is seen, up the stream to the north, and then metamorphics 
crop out^ the latter appearing about 500 yards north of the spot telected for boring. For 
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some difltance east and west all is allaYium. It was hoped that a borehole at the spot 
selected would afford a section of the lowest Damiid4 beds ; lower than any passed through 
in the boring east of Madaviram. The borehole was commenced on the 12th April, and the 
section traversed was — 



(N«. 1). 



Boil and gnreX 
*1.— Brown and yellow undstone 
rShale, pale abore, darker below 

I ^^ll»^ •■• •«■ ««« 

I Do. mixed with ahale 
' I Dark carbonaoeona shale 

I vCiPCvV c«s •■• t»a 

i^Dark shale with 2 inches ooal 
3.— White sandstone ... 



Ft. 


In 


8 


6 


2S 


6 


7 





3 





1 





6 





3 





6 





27 






The higher 3 feet of coal appears to be of better quality than the lower ; an analysis 
of the small fragments washed from the samples brought up from the borehole ga?e the 
following (average of three samples from three different levels)*- 



Volatile 

Carbon 

Ash 



37*7 
... 42-7 

... lire 



100-0 



The volatile portion comprised 10*8 per cent, of water. This is by no means a good 
result, but still some use could be made of such coal, and it should be remembered that 
analyses of such samples as are obtained from borings are only approximations, although 
they are usually not far from the true composition. 

When I heard of the discovery of coal I was about forty miles from the spot. I inarched 
to it at once, but before I reached it, Mr. Heppel, who was carrying on the borings, had 
commenced a second borehole on some sandstone in the bed of the Ganilr stream below No. 1 
borehole at a distance from the first of 125 yards south-east by east Thb (No. 2) gave the 
following remarkable section :— 



(No. 2). 



1.— Tellow and brown sandstone ... 
''Bhale, partly dark-grey, partly buff 
Cbal 

Shale ... ... 

*^*''** •■« ••• ••• 

DQAlO .•• ••• ..« 

%^%9(mw ••« ■•• «(« 

Shale 

VUUw ... ... aaa 

Shale ... ... ... 

3.K Cdal ... ... ... 

Shale ... 

Oocl ... ... ... 

Shale ... ... 

vOO* ... ••• ... 

Doaie ... ... ,,, 

Ooal (shaly) 

Shale ... ... 

VOUm ••« ... ... 

(.Black shale 
S.—White sandstone ... .., 



Ft. In. 

28 
S 

3 
6 
6 
4 
4 




1 
2 
2 



1 
1 
1 

1 2 
1 8 
1 2 
1 
10 



1 
2 
1 
1 

6 
3 





8 
9 

4 
8 


2 



eo 8 



* The nambers 1, 2, 3, before the several beds In the teeUons indicate those which are sappoeed to be itpn- 
•entativfl of the same part of the aeries in each. 
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Altogeiher the combined bed of shale and coal measares 29 feet 6 inches, of which 11 feet 
8 inches is coal, bnt the bands of coal and shale are intermixed in a way which would much 
increase the cost of working the seam. The astonishing change, however, in so short a dis- 
tance as 125 yards from a bed 26 feet thick containing 7 feet of coal in two well defined seams 
exceeds anything nsual even in India, amongst the very variable seams sometimes met 
with in the Barakir group, and this amount of change within so short a distance rendered 
it doubtful whether the seam could be traced to any distance. 

It was now desirable, 1st, to ascertain the extent of the seam, and 2nd, its quality. For 
the extent two boreholes were put down, one to the east, the other to the west, at a distance 
of about one-third of a mile from No. 1, on the supposed strike of the coal seam. All 
the ground east and west for a considerable distance being completely covered by alluvium, 
the true strike could only be inferred from the line of outcrop of the metamorphic rocks 
to the northward. To the east the borehole (No. 4) was a complete failure. It was put 
down in an open plain north of the village of Ganira. It passed through 84 feet of earth 
and 18 feet of quicksand, in which no further progress could be made, as the sand filled the 
tnbe &0ter than it could be removed by the " pump" or mineral lifter. A second borehole 
200 yards farther south (No. 6) was equally unsuccessful. After passing through 22 feet 
of soil and 24 feet of quicksand it also had to be abandoned. There was not time for more 
attempts in this direction. 

The boring to the west (No. 8) was on higher ground, just south of the village of 
TitpalL It gave— 



Ft. In. 



(No. S). BoOandgnvel ... ... ... 

1? SuidBtone, yellow, brown, and red 

/Pale coloured shale 
2 ? •< Bed and yellow sandstone with some shale 

(Shale, pale and dark 
8 P White sandstone with a little shale and brown sandstone 



8 


7 


29 


9 


10 





7 





13 





24 


8 


88 






In my absence this borohole was stopped by Mr. Heppel, and another (No. 6) started 
250 yards to the south-east. This was on somewhat lower ground, and as the beds dip south 
at a low angle the section is probably that of the same beds — 



(NOw 6). Soil 

IP Brown sandstone ... 

^Baff shale 
2 P •< Bed sandstone 

iBark shale 
8 P White sandstone with darker bands 



Ft. In. 


11 





18 10 


8 





8 





8 





40 





84 10 



These sections I am strongly inclined to believe are in the same beds as Nos. 1 and 2. 
We have the same general succession, brown and yellow sandstone above, then a thick bed of 
shale, and then white sandstone. I have recommended that one of the boreholes should be 
carried out to a greater depth on the possibility of these beds belonging to a higher horizon, 
but I cannot think this at all probable. The evidence afforded by these boreholes appears to 
indicate that the coal thins out and disappears to the westward within a short distance. 

Meantime a locality for a small pit had been selected up the Gan&r stream 350 yards north- 
east of No. 1 borehole, at a spot where some yellow sandstone, just like that immediately over 
the coal, crops out in the bank of the nala, in the expectation that this would be close to the 
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If all endeavoan to find a permanent coal supply in this locality fiul, an eyentoalitj 
for which we must be prepared, the next chance is near LingiUl. Here I consider fortiier 
exploration in British territory as almost hopeless, the Talchlrs must crop out everywhere 
below the mouth of the T&l close to the river bank, so that the Damudas are confined, or 
nearly so, to the bed of the river and the country on the oppoaiie side. Above the mouth 
of the Til for some distance it is simply impossible to say what exists, for the whole 
country is covered with thick alluvium as far as Cherla, where the only rocks that an 
known to occur appear to me undoubtedly K&mthis, and all the Damddis and TalchfrB are 
overlapped. The only plan by which any good can be done is an exploration of all the 
breaks in the section exposed above the top of the TAlchirs at Sang4ram on the right 
bank of the river in the same manner as I have recommended near Madaviram. The d]p 
varies from 10^ to about 20°, and the depth to which the boring in each case must be sunk 
will be found by multiplying the length of the break by the tangent of the angle of dip. 

I am under great obligation to Mr. Vanstavem for the very thorough manner in which 
he has aided me, and for his readiness to carry out every suggestion I made. Mr. Heppel's 
services in charge of the boreholes were invaluable ; it is mainly due to his thorough 
knowledge of boring and to his hard work, in an intensely hot season and despite muj 
difficulties, that so much has been accomplished in a short time. 

Calcutta, ) 
Jk/y 6M, 1871. / 



Note on thb Nasbada Coal-basin, by H. B. Mbdlicott, A.M., F.G. S., Lep^f 

Superiniendent, Geological Survey qf India, 

From the point of view of uncertainty and of expectancy the NarbadA coal-fields aie 
at present the most important in India. They are the nearest known source of coal for &e 
great region of North-Western India, where so many miles of railway are either open, 
under construction, or projected. Even as communications now stand, with the ciituit 
through Jabalpdr and Allahabad, these fields are much nearer than those of Bengal to 
the Panj4b. When the rails are hiid through Malwa and Gwalior the length of carriage 
will be greatly reduced. Yet less is known regarding the resources of the Narbadi area 
than of almost any other. The Warda fields have been comparatively recently brought 
to notice ; but their value and extent have been so well established by systematic boring 
experiments that the working of them is now only a question of time and convenience. Until 
similar trials are made in the Narbadi fields the prospect of a supply of coal there most 
remain uncertain, the naturally exposed sections of the rocks being so veiy obscure. There 
is an immense area beneath which it is possible, or even probable, that coal exists ; but its 
presence and the depth at which it must be sought are still unknown. In connection with 
this there is an interesting question of stratigraphy to be discussed, and which would be out 
of place in this brief notice of practical objects ; the more so that I believe no amount of 
discussion upon surface observations could in this case finally settle the point or remove the 
necessity for actual exploration. The occurrence of a fine outcrop of coal in a convenient 
position at the northern edge of the basin, and the formation of an efficient mining estah- 
Ushment to work it» have, no doubt, contributed with other causes, such as the want of jnoper 
maps, to keep in temporary abeyance the further exploration of the field ; but it is evident 
that this should no longer be deferred. My brief report of last year (Records, Geological 
Survey, Vol. Ill, Ft. 3,) showed how much need there was for information regarding even 
the seams on the Sitarivd (at Mohp&ni) ; how limited their known extension ; how broken, 
crushed, and even locally destroyed they are within those small limits ; how urgent it was 
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to ascertain their extension beneath the younger rocks to the south. Although little inform- 
ation has been gained within the last twelve months, and that little not very encouraging, 
the importance of the case makes it worth noting. The following notes, in continuation of 
my last year's report, refer only to the northern side of the coal region : every endeavour 
should be made to find the coal there before attempting to work the distant outcrops of the 
Upper Tawa valley, on the south side of the basin. The localities to be mentioned in this 
paper may be followed upon the small map attached to the report of last year, or upon the 
large sketch map of 1859. 

During part of the past season I examined a number of sections along the northern 
side of the area of sedimentary rocks from end to end, bat without discovering an outcrop 
of the ooal-measure rocks (the Barftkar group). This direct evidence fiiiling, the fact that 
has most encouraged hope of the proximity of coal has been the occurrence in several places of 
Talchir rocks, which so constantly underlie the coal-measures. The outcrop in the glen south 
of Futtehpur was mentioned in last year's report. A much larger spread of the same rock 
is seen at the edge of the plains south of Dh4bk4,' eight miles east-south-east of Sohligpur : 
again, to east of the Sit&riv4, half way between Chungaon and Hatnipdr, dose on the west 
of Nibhora village. But even this evidence is open to doubt : in all cases the rock in 
question is indeed the lowest seen, and is identical with the well known Talchir boulder 
clay ; bat except for the boulders (which are not of large size) an identical clay is common 
in the adjoining M£h&d^v& rocks, alternating with the more common mottled red clays. 
Thus, the identification of this boulder bed as T&lohfr rests largely on the assumption that 
there is no such bed in the M4h4der&s ; it is certainly very difierent from the ordinary 
conglomerates of this series. It is moreover noteworthy that in the undoubted Talchirs of 
the Sit4riv4 section ta/ndy rooks prevail : even the boulder-bed is prindpaUy a sandstone, 
the clay being subordinate. I am, however, decidedly of opinion that the rock in the 
localities noticed bebngs to the T&lchlrs. The presumption thus gained in fiftvor of the 
proximity of the ooal-measuxes along this edge of the field is, no doubt, an uncertain one ; 
bat it is something ; the Bardkur and T&lohir groups being about the two most constant 
companions of all the groups of the great plant-bearing series. It will probably be advis- 
able at some early date to make one or more deep borings through the Mdbad^va rocks 
at some little distance from the edge of the basin ; but, as was uiged last year, it would 
be unwise to attempt this until it be seen what can be learned from the exploration of 
the Sitariva field as to the conditions of the formations in passing southwards. 

Very little has been added during the past year to our knowledge of the seams in 
the Sitariva (Mohpdni) field. What explorations have been made only bring into clearer 
view the greatly disturbed condition of rocks within the area exposed, and the corres- 
ponding deterioration of the coal. In the pits on the vertical seams at the north edge 
of the field the coal has become greatly squeezed-out at a depth of 100 feet, and along 
the strike westwards, being at the same time reduced to an useless paste. Some shallow 
excavations on the outcrops in the ravine to the north of the Narbad& Company's mine 
show the coal to be tremendously crushed and mixed with the associated rock ; two strong 
trap-dykes here passing within a hundred yards of each other right through the measures. 
The trial boring at Pukuhi was carried to a depth of 110 feet. The result was inconclusive 
and, in a measure, unexpected. The sandstone, which from its position and general appear- 
ance it was thought might be the top-rock of the coal-measures, proved to be only a band 
in the M&had^v&s ; the bore having gone through some 60 feet of the typical red clay 
beneath it. Below this, however, the bore passed through dark-brown and dark-grey, 
slightly carbonaceous, clay. Such a rock would be very unusual in the Mah&d^v&s in this 
position ; and would, on the contrary, fairly represent the top of the coal-measures in the 
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northern section on the Sit4riv&; the two heing, moreoyer, cm the same general strike. 
Regarding the southern extension of the seams, where, it may he hoped, they become steadier 
and fiirther from tri^, no result has as yet been attained. The small trial-shaft and hona^ 
close to Ben4r on the north-west not having proved coal within 50 feet, Mr. Taylor shifted 
his operations to a point south-east of the village, and well in on the lUh&d^vi rocks 
where he is now boldly sinking a shaft. He could not, within his limits, have ehosen 
a better position for making a thorough trial of the ground. According to the nearest dip 
seen (25°), and supposing no intervening fault, the shaft may have to be sunk 235 feet 
before striking the measures ; but there is hope that the dip flattens, so as to lessen the 
depth. The shaft is now 98 feet deep, 92 feet of which were through an unbroken man 
of inottled red clay, locally silicified and very hard, but all requiring to be cased upw 
The bottom 6 feet are in a firm, dear gray, sandstone-conglomerate. The plane of jono- 
tion, which (Mr. Taylor informs me) seemed regular, thus affording a fair observation of 
the dip, sloped at 18*^ to the south-south-east The prospects are so fiur improving. The 
spirited enterprize of Mr. Jones, the present proprietor, deserves every success. 

In my small map of last year I marked some T&lchir rocks, with a query, on the 
south of Puwaria vilLige. A re-examination of that obscure section, later in the season, 
when the ground is less concealed, has convinced me that the rocks are lA&biMwi; thus 
making the suppression of the older rocks to the westward of the Sitfirivi much more lapid 
than was at first apparent. But there is no deciding as to the manner of this suppressioii ; 
it may be altogether due to faulting or to folding of the strata. The alternative suppo- 
sition to that of disturbance to account for this so sudden disappearance of the ooal-messarei 
would be that there is strong denudation-unconformity between the two rock-series. There 
are some puzzling sections about the mines seeming to corroborate this view of the case; 
stUl it is hard to get over the fact first adduced against it — that in the best exposed sections 
the succession of the rocks seems regular. And there certainly can be no objecticm now to 
the supposition of disturbance. The unpromising nature of the ground in this position, 
at the edge of the basin, is further displayed in this section at Puwaria by the disooveiy 
of four strong trap-dykes, or at least outcrops (the section is so flat one cannot positively nj 
how the trap occure), in a length of about three quarters oi a mile. 

Several new outcrops of the lignite-coal in the Upper M&h&d^vi rocks have been ex- 
amined during the past field season in the hills east of the Sit&riT4. They all bear oat 
the opinion already given on the subject. 

There remains to notice the coal near Lokart&lai at the extreme west end of the basin, 
so far as exposed at the surface ; the whole sedimentary series there passing beneath the 
trap. The coal-band here seems different to any yet noticed. It occurs (see small map 
annexed) at some distance from the boundary of the metamorphic rocks, being exposed in a 
trench cut by the Moran across a flat anticlinal fold of the strata. The upper rock is a strong 
pebbly MihidSvi sandstone, but on what exact horizon has not been determined, imme- 
diately beneath which come the earthy coal-bearing beds. There is the usual appearance of 
complete conformity; the upper rooks dipping at the same angles as the lower; and the 
same beds of shale being identifiable on both sides of the anticlinal ; a thick bed of nodular 
and shaly, micaceous and carbonaceous clay is recognizable at a few feet below the 
sandstone on either side. There are altogether about 80 feet of the lower rocks: 40 
to 50 feet at top are earthy, some of the layers of shale containing strings of bright coal. 
These are best exposed in the southerly elbow formed by the river. They rest upon a thick 
mass of fine sandstones, between which and a similar mass below occurs the principal seam. 
It is about 4 feet thick. What coal there is in it is very bright; but shale predominates 
in the mass, and there is a great deal of pyrites. Some explorer had last year cut a short 
drift into the seam and evidently abandoned it as worthless. This seam is about the lowest 
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1)ed exposed on the back of the anticlinal. I do not think that this band of ooal-bearing 
rocks belongs to the Bar&kar gronp. I rather think it belongs to those younger beds of 
the D&mdd& series so largely exposed along the south base of the Pachmari range, and in 
which as yet no coal-ontcrops of any promise have been fonnd. Or, it may possibly belong 
to the M4h&d^v4 series. I wan not fortunate enough to find any fossils to determine 
tliis point; and owing to the isolated position it will be a very tedious matter, if even 
possible, to wotk out the question stratigraphically. 

Oakf, I 
May 1B7L | 



Skstch of thb Gsologt or thx Cbntral FBOTiircBS, hy T. Oldhim, F. R. S., Supdt., 

Qeologioal Surtfey of India. 

Jin connection with the valuable series of Gazetteers which are now in course of pub- 
lication under the authority of Government, the (^logical Survey have from time to time 
afforded information to the officers charged with their compilation. This has frequently 
been on isolated points, but we have also been urged to give general and sketchy out- 
lines of the geology of the various provinces viewed more as a whole. Such sketches are 
necessarily briet being very limited in the space intended for them, but they may be useful 
to others as giving a more general outline than separate reports could do. It is, therefore, 
in contemplation to reprint these in the present series of records. Of those which have 
been already famished, that of the Central Provinces has appeared soonest. It is now given 
here. It was written entirely without a single map or record for reference, and very hurriedly 
under great pressure for time. Others of Orissa, North- Western Provinces, Bombay, ^., 
wiU fbUow. ] T. 0. 

To give a general description of the geological structure of the Central Provinces in any 

DlTeniij of the geotogial clunoter of the ^etaU would involve the necessity of entering upon 
^°°^* a discussion of the geology of India at large, as 

these provinces contain representatives of almost all the formations known to occur within 
Indian Umits, although fireqnentiy these are much better seen in other districts, and ought, 
therefore, more correctly to be described in connection with the locality where the most typical 
sections occur. In the very brief notice which follows I am therefore compelled to pre- 
suppose a certain amount of acquaintance with Indian rocks, and the classification of them. 
It is only necessary to state that the few descriptions which follow have been drawn up under 
great pressure as to time, and while actively engaged in field work of an important and 
intricate niature, and a#ay from all maps and records. 

The Central Provinces, divided into nineteen districts, naturally group themselves into 

General oomivondenoe of geologicia ud separate areas, corresponding to well-marked physical 
phyticslanu. features. These again have in a similar way « 

general agreement with the geological structure. To the north the districts of 8 agar and 
Damoh are altogether on the Yindhyan plateau, and a large part of their surface is 
formed of the deposits to which the name Vtndhyan has been given, lliese are, however, 
concealed over considerable areas by the overflowing volcanic rocks of the great Deccan trap 
area. Physically also these districts (as is all the Yindhyan plateau) are connected with the 
country to the north, all the drainage of the area being into the Ganges valley. Imme- 
diately to the south of the Yindhyan escarpment, along tiie marked depression of the 
Narbad& valley, lie the four districts of Jabalp^r, Narsinghpiir, Hoshang&bdd, and 
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Nim&r (taking them in order from east to west), which are in great part on allayial and 
tertiary depoeifai, with a narrow helt of older rocka along the eoathem eide of the valley. 
South of the Narbad& valley rise the extensive highlands oonstitating the S&tpar4 range, 
or its oontinoation, which are in great part formed of the Deccan trape resting upon 
crystalline rocks, or upon sandstone and other rtwks of later date. Of this region MandU 
occupies the extreme eastern end, bounded by the steep escarpment of the tr^pean plateau, nev 
to the edge of which the Narbad4 river has its source at Amarkantak. Along thb same 
range to the west lie parts of B41£gh&t, Seoni, Chhindw&r&, and BetdL South and 
south-east of the Sdtpur4 ranges lie the remaining districts. Bilftspidr, B&fpdr, and 
Sambalpnr lie in the great drainage basin of the Mah4nadf. The two former occupy the 
low plain country of Chhattfsgarh, formed principally on rocks believed to belong to the 
Vlndhyan series, with a part of their area covered by coal-bearing rocks. Sambalpur is in a 
rugged jungly country composed of crystalline and metamorphio rocks. The great drainage 
basin of the God&varf, on the other hand, includes N&gplir, Bhand4ra, Wardh&, Chanda 
and Sironch4. These districts have no very considerable elevation. The two first are prin- 
cipally on gneissose rocks, with much trap inN4gpiir: War dh 4 is almost entirely on trap- 
rocks ; Ch&nda and Sironch& have a very varied structure, including more or less of all 
the formations that have been named. 

These formations may be noticed in ascending order. The crystalline and metamorphic 

rocks have not as yet been described in any great 

granitoid, predominates. The frequency with which 
these rocks appear shows how closely to the surface they form the substratum of the whole 
area. They are found at intervals all round the irregular boundary or border of the trappean 
rocks, rising in several places nearly to the full height of the pUteau. The principal areas occu- 
pied by them are in N&gpiir and Bhand&ra and in Betiil. Also in Sambalpur a very 
large area is formed of these rocks ; but this is naturally connected with, and belongs to the 
great Gneissic area of Bengal. In obscure relation to the gneiss there occasionally appear 

^^ ^ ^. ^ sub-metamorphic rocks, schists, slates, and quartzites. 

Snb-metamorphtc rocks. __ , . , . ii . i 

These may be seen at many points along the borders 

of the Narbad& valley, from the north-east of Jabalpdr into NimKr. 

The great Tindhyan series of strata which form so prominent and important a feature 

v'nAk mmri ^° ^^ S^^^^^ of Hiudustdn BTe the next depooitB 

in succession of age found in the Central Provinoes. 
There is, however, a wide and complete separation of these from the gneissose rocks. They 
are universally unconformable to the latter, and they exhibit little or no mineral alteration, 
and only very locally any marked mechanical disturbance. The range or escarpment, from 
which the name of the series has been adopted, forms the northern boundary of the Nar- 
bad& valley, and the districts of S4gar and Damoh are occupied by the upper member of 
the series — ^the Bhdnrer and Bewd groups. Each of these groups consists of a strong band 
of sandstone resting upon shales with subordinate limestone — ^an arrangement which, coupled 
witl\ the nearly horizontal position of the beds, has, through the operation of denudaiioQ, 
produced the peculiar surface features of the country, namely, local plateaus bounded by pre- 
cipitous scarps, overlooking broadly undulating valley-plains — ^features even better seen in the 
Bewa country. The Bijerighogarh^ar^aaa in the north-east comer of the Jab al pur 
district lies within the geological region of the Son valley, where the Lower Findhyan rocb 
are so well exposed : they consist of less uniform alternations of shales, sandstones, and 
banded limestones, with some peculiar compact silicious (cherty and jaspexy) layers, veiy 
homogeneous and regularly bedded. Along the entire southern margin of the Vindhyan 
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ana these rocks both ' Upper* and ' Lower* are much crashed and contorted, but they are 
only locally (in the south-west) penetrated by igneous rocks, probably of the same period as 
those of the great basaltic area. The extensive plains of Bil4spur and B&f ptir are fcmned 
on rocks very similar in compoeitiony arrangement, and external relations to those of the 
Lower Vtmdkyam formation as seen to the north, and these extend from here along the upper 
courses of the Mah4nad£ into very dose proximity, if not actual continuity, with the 
similar deposits in the Ch4nd4 and Sironoh4 districts, and beyond the limits of the 
Central Prorinoes to the south, extend at intervals into the Madras Presidency, where they 
cover an immense area in the Kaddap4 and Karnul districte. Our knowledge of these 
detached areas is not as yet sufficient to justify an assertion that they were once continuous, 
although the striking identity in lithological character of the several deposite lends strong 
support to this view. Throughout all these widely-extended deposite there is constant 
physical evidence of their having been accumulated in comparatively shallow water, and so 
far under physical conditions favourable to life. The sandstones are false-bedded and beauti- 
fully rippled on their surfaces, each successive bed, often for hundreds of feet in thickness, 
showing ite own ripple-marked surface. Nor is there anything in their mineralised condition 
to suggest the chance of subsequent obliteration of organic remains, had they ever been 
imbedded or become fossilised. Yet no success has hitherto rewarded our most careful 
searohings for such traces of early existences. 

Passing upwards in the historical succession of rocks, we find in India a wide gap in the 

geological record between the Vtndhyan rocks, just 
alluded to and the next succeeding series of deposite, 
in which are included the coal-bearing rocks. The whole £su» of the countiy wherever these 
occur must have been entirely remodelled by long-continued denudation and other causes 
before the commencement of the deposit of this great plant-bearing series of beds. This 
series has attracted much attention, both from ite economic importence, and from the fact 
that it is in aU ite groups more or less fossiliferous. And the proper sub-division of it as 
represented at distent localities has been the subject of much study. Nor has the detailed 
examination of the country yet been sufficiently extended to admit of a final decision of this 
question. 

Three great groups have, however, been thoroughly esteblished— the TdZchir, the 

Dam^ddf and the Panehet rocks, and representa- 
tives of these three great groups have been found 
wherever the general series occurs. It is solely as to the exact limito of each that any 
question still existe, which can only be answered after more deteiled examination. This 
question is, however, of high practical importance, because of the three series which I have 
mentioned only one is proved to contain workable beds of coal. The IflUekir rocks below 
contein no coal, and the Panehet rocks above are equally without any coals, the whole of the 
workable beds of coal of this geological epoch being found confined to the Damtidd rocks. 

The largest area occupied by the rocks of this great series within the Central Provinces 
. lies in the hilly r^ion to the south of Hoshangd- 

b4d and Narsinghpur, partiy within the bound- 
aries of these districte, but principally belonging to Chhindw4r4, and embracing the Pach- 
raarhi or Mahadeo hills. At the base of the series we find the characteristic deposite of 
the TMlchir group — greenish silt beds, breaking up into small splintery flakes and sharp 
fragmente, and hence called 'needle shales,' and greenish brown or whitish earthy felspathio 
sandstones, in either of which pebbles and large boulders are often irregularly scattered. 
Often these are very numerous and form a distinct bed, to which, from ite peculiar constitu- 
tion, the name of " Boulder" Bed has been given. These rocks, generally speaking, aro 
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found at the edges of the field, or weathered ont in the deep valleys. The thickness of this 
gronp is variable, never very great, and it is locally altogether overlapped. In the Karbads 
it covers by &r the larger portion of the area. As notioed, no coal has ever been fonnd in 
the IMlekir rocks, and veiy rarely any of the dark curbonaoeons shales which aie so frequent 
an accompaniment of coal, with the exception of a few thin and irregnlar streaks which 
invariably mark the transition of these Tilekir rocks into the DamAld (Bardhar) rocks 
above. This DamAdd series is chiefly made up of thick-bedded, often coarse felspathie 
sandstones, with snbordinate beds of bine and carbonaceons shales and coal. In Bengal 
and towards the east this series is of great thickness, and is easily divisible into several 
distinct groups. But towards the west and the Central Provinces the series is of mneh 
diminished thickness, and the sub-divisions so well marked in Bengal are not recognisshle. 
The beds of coal in the same way are much fewer and less important. These variations 
appear to have only a local development when viewed in detail, while on a general compari- 
son the facts would seem to be expressed by saying that the PandUi aeries, which imme- 
diately succeeds the coal rocks, assumes towards the west a much greater thickness and 
importance than in the east, while the DamAdd series has been much less developed. In 
the NarbadA valley the latter series is represented by one group of beds only, which belong 
to the lowermost group recognised in Bengal (the Bardhar), of no great thickness, and 
covered by an immense series of sandstones of varying age. No trace of any one of the 

sub-divisions of this great plant-bearing series— 
*" T6lchir, Damudd, or Panchets — has been found to 

the west of about the parallel of Hoshang&bad (Lokhartalai). The Damudd rocks 
cover a wide spread of country round the bases of the noble Pachmarhf hills, and extend 
thence to Umr^th and Barkof, about sixteen miles from Chhindw4r4. They rest in 
parts immediately on the gneissose rocks, and are frequently succeeded directly by the great 
trappean flows. 

In Bilispur (Chattf sgarh) a large area of widely undulating country along the 

Hasdd — an affluent of the Mah4nadi— is also 
BlliipAr ooal-fidds. formed of these rocks, and coal has long been known 

to exist there in some quantity. The district has not been examined as yet, and no trust- 
worthy information exists as to the quantity or quality of this coal.* 

In the Ch&nda district again, and in Ber&r adjoining, similar Bardhar rocks are 

found resting upon the characteristic Tdlcktr beds, 
Wardhi KlTer ooal-fielda. ^^ occupying a very small area in the large field of 

sandstones which there occur. At least one thick group of beds with coal is known in which 
the coal itself exhibits the same characters which distinguish the beds in the Bardhar series 
elsewhere-^-that is, there is rapid and considerable variation in the thickness and quantity of 
the coal. Beds of great thickness have, however, been met with, and there is a very large 
supply therefore of useful fueL 

Similar rocks extend down the valley of the Godivari and the Pranhft& for a long 

distance, occurring in detached localities separated 
o var an ran ^^ ^.^^ ridges of the older formations. Near the 

mouth of the T&l river about fourteen miles above Diimagudem, both Tdlchdr and 
Damudd rocks occur, the hitter containing coal, which form the bed of the river Qodavari 
for some distance, and have probably a considerable extension ; and coal is also known to 
occur about thirty-four miles to the south of the same town, visible on the banks of the 
river. 



* See later inlbimatioa in Becorda Geologioal Survey of India, 1870, p. 71, also p. 61 
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We are not as yet able to apeak so certainly of the limits and relations of the beds which 
occur immediately above these coal-bearing rocks, so far at least as parts of the country under 
notice are concerned. In the Narbad4 valley coarse conglomeratic sandstones with ferrugi- 
nous bands, which are believed to be the representatives of the Panchet rocks of Bengal, 
come in immediate succession on the Bardkar beds (Mohpanf, &c.)« And similar rocks 
occur in the same relation in the wide flats of Ohhattisgarh, and probably at the inter- 
mediate locality of the €hhindw4r4 fields. 

But passing into the drainage basin of the God&var{, a series of rocks of peculiar 

lithological character and locally abounding in fossil 
plants, is met with, no exact representatives of which 
are as yet known elsewhere. In their general mineral aspects they come very near to the 
ordinary Paiichet rocks of Bengal, and they appear to pass upwards into undoubted 
representatives of these, but the prevailing form of fern of which they contain the fossilised 
fronds, is one (Ghasopteris hrowniana) which is scarcely known to extend up to the PancAet 
horizon. These beds would therefore seem to indicate either a commencement in the basin 
of the 6od4var( of the deposition of rocks having the peculiar mineral character of the 
Panchet beds at a much earlier period than in Bengal into which these ferns continued to 
exist: or the flora of the God&varf basin had not been subjected to the same influencing 
causes, resulting in a marked change in its character, which in Bengal led to the well- 
defined separation as to fossils of the PeMchet and upper groups of the Damuda rocks 
(Raniganj). I am disposed to think that, viewed in a very general way, it gives the truer 
representation of the facts to consider these local rooks, notwithstanding their contained plants, 
as belonging rather to the Panehei series than to the Damddd. And there is one very im- 
portant practical reason for this sJso, inasmuch as no workable coal has yet been found im 
either of these groups, while it has invariably been seen to occur where rocks of the un- 
doubted Damiidd age are developed. 

A local name was provisionally given to these rocks by Mr. W. Blanford, who first 
examined them, and as this has been published (although unintentionally), it may be retain- 
ed as a useful sub-division. One of the. largest areas of these rocks in the N4gpiir 
country is close to the important military station of K4mthi, and from this circumstance 
Mr. Blanford spoke of them as the KdmtM beds. They consist, lithologically, of hard 
compact gritty sandstones, fine variegated sandstones, coarse loose-textured sandstone, very 
fine-grained deep and bright red and buff argillaceous or argillaoeo-silicious sandstones, and 
bands of hard very ferruginous pebbly grits. 

These rocks cover an area of about twenty-five miles long from north-west to south- 
east near K4mthi (K&mthi to K^lod), and at the broadest parts (near P4tans&ong0 
about eight miles wide. Over a large portion of thii area the rocks are concealed by thick 
alluvial deposits, but they are well seen at K4mthf, Silew4ra, Bhok4r4, and south and 
south-east of F4tans4ongi, Ac. A small area of the much older Tdlchir rocks is seen north- 
east of Bhok4r4, and a small hill north-east of P4tans4ongi. Two other localities where 
these rocks are seen have been exposed within the area of the trap-rocks, these having been 
removed by denudation. One— the krger of the two— is close to Behir and Bdzirgaon, 
about fifteen miles from Ndgp6r on the road to Amrdotf. The roclcs here are of the 
same type, but become more conglomeratic towards the top than is seen near N^gpdr. The 
other inlier of these rocks is about thirty-six miles north-west of Ndgp6r, near the village 
of Chorkherf. The rocks extend over an area of only about six and a half square miles 
in all. There is also another very small patch not a mile long near Khiitkheri, about one 
mile south-cast of the other. 
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Passing further southward similar roeks are more widely developed in the Chindi 
district, and cover a large area, concealing the nnderlying Bardkat beds ; there the rocb 
are, as a whole, less fine-grained than in the neighbourhood of N^gpiir, and the tendeuey to 
become more conglomeratic in the upper beds of the group is still more markedly exhibited 
than in the case already noticed. In this field also they appear to be closely connected with, 
and to pass up into a great thickness of bright red clays with thin-bedded sandstones, whiefa 
belong undoubtedly to the Pancket series — well seen in the Wardhi about Porsft and ia 
the oountiy round, giving additional evidence of the connection of the two groups. These 
rocks — ^the KdnUhi beds — ^yield in many of their beds admirable building stones, while others 
of a coarser texture are used as millstones or querns. Quarries exist at Kimthi, Silewir^ 
Bhok^r £, ^., also in the Cb4nd4 district, but owing to the comparative poverty and sparse- 
ness of the population, they are here less worked than in the N^gptir country. The white 
argiUaoeous band which is used near C hind 4 town, and which can be traced for miles along 
the country, is very even in texture, and can be carved into very minute forms of ornaments 
(a kind of work which is very skilfully done at Chdndi), but it is rather soft. The beds, 
excepting the hard ferruginous pebbly grits, are not, generally speaking, veiy compact, and the 
sur£euse of the ground becomes covered with loose sand resulting from their disintegration. 
The soil on these, except where they are covered by the alluvial deposits, is poor and liitJe 
cultivated, almost the whole of this tract being covered with jungle. 

The fossils found in these KdmtJU beds have been noticed above. The fine sandstones 
ofK4mthf, Silew^r&,&c, have yielded very beautiful and numerous specimens of the large 
GlostopierU Browniana — a fossil-fern common in the cool-bearing rocks of Bengal and 
also in those of Ausizalia. Similar fronds are found, but more rarely, in the finer beds of the 
vicinity of Ch4nd4. 

We have noticed these so-called Kdmihi beds a little more in detail than their relatave 
importance in a general sketch would justify, because of their local development, and of the 
interesting fossils which they contain. 

In ascending order the next important series of rocks is that to which the name of 
p mA^ Mrt Panchei has been given. This, which is a very 

extensive formation in Bengal and in the country 
intervening between that and Jabalp6r, is not so largely developed in the Central Pro- 
vinces. Indeed there is still much doubt as to the true limits and true parallel of many of 
the rocks which would probably at first be classed under this group. There is another 
peculiar feature: in the Bengal coal-fields, the so-caUed Lower Pancket group, consisting 
principally of red clays, with fine-grained, thin-bedded, often calcareous sandstones, both of 
led and greenish white colours, forms a set of beds of very considerable thickness and 
wide extent. But on passing to the west this group rapidly disi^pean and soon seems to be 
entirely wanting, while the Upper Pancket group, consisting chiefly of ooane red con- 
glomerates, &c., with numerous ferruginous bands, becomes more largely developed, and 
constitutes almost the whole of the series. Still further to the west, however, aa in the 
ChhindwUlrA fields near IJmr^th, these red-clays and thin-bedded fine-grained sandstones 
recur with a considerable development. And similar beds cover a large area on the south of 
the Chand& coal-field (Pors& and all the country around), and also appear in other minor 
patches throughout the Ch&nd& field and in Ber&r. These pass upwards into coarser beds, 
pebbly and conglomeratic, and it is not an easy task to make out the exact relation of these 
to the adjoining rocks in a country so very much covered as is the greater part of the 
Chdnda district. Similar rocks are seen again further south (Maledi), and here, as at 
Manglf to the north of Ch&nd&, have yielded organic remains, which establish with 
tolerable accuracy their true position in the general European scale of geological formations. 
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Several fonns of labyrinikodoni leptileB from the Lower Panchet rocks of Bengal 
lemaiiis of the very remarkable geniiB IHcynodon, previoiiBly only known from South Africa, 
and abundance of EstheruB (small bivalved crustaceans) mark the fauna of the time in 
Eastern India. In the Central Provinces similar Estheria and a remarkable reptile 
(Brachyop9 latieeps) have been obtained from M an gli thirty miles north of Ch&ndd, 
while the red clays of Maledi afford numerous remains of the very curious and interesting 
Hyperodapedon, Belodon, and some Labi/rinthodont fragments also. There is a high proba- 
bility that the rocks at these different localities are all truly on or about the same geological 
horizon (a £Act which can only be satisfactorily established by detailed and careful 
observation), and that that horizon represents in Indian geological homotaxis the period of 
the Trias of Europe. 

In the vicinity of Jabalptir and stretching down the valley of the Narbad4 to the 

Sher river, and a little beyond, and forming also 
a narrow outcrop fringing tiie general line of the 
trappean boundary to the east and north of Jabalpdr, a distinct group of rocks was recog- 
nised by Mr. J. G. Medlioott in 1856-57. This limited group of beds is partially coal-bearing, 
and from this fiiot and .from certain other obscure relations, it was at first designated under 
the inappropriate name of Upper Damudd, with which series it was, pending 
further inquiry, supposed to be connected, while the fossil plants which it imbedded were 
olosely allied to those occurring in the Juraseie beds of R&jmahdl and Outch. Subsequent 
inquiry showed that there was really no ground for supposing any connection of these beds 
with the true Darnddd as parts of one formation, and the name M>alpur group was 
substituted for Upper Damddd, 

At about 100 miles to the north-east of the Narbadi coal basin the boundary of 
the plateau of trap-rocks recedes south-eastwards, and the narrow outcrop of these Jabalp4r 
beds expands here into the open ground of South Bew&; there the JdkfUpur shales and 
silt beds were found passing upwards into massive sandstones (at Bandogarh) so generally 
identical with the rocks of the great Mah4deo hills, that they were at once accepted as 
their representatives ; while below the Jabalpur shales overlaid strong pebbly sandstones 
and conglomerates, which again in the southern part of the same area rested upon a coal- 
bearing group, recognisable at once by its contained fossils and general character as repre- 
sentatives of the Damudd series. The Jabalpur beds have not as yet been traced with any 
care in other districts^ and I am unable to state their true limits. Their contained fossils 
point distinctly to a Juraenc age and to the lower part of that great period. In the 
Narb ad a nothing but plant-remains have been found. We may, however, although the 
connection has not been traced, point to the remarkable beds near K ota — about five miles 
from S i r n c h 4 — which have yielded several well-marked fish-remains (Lepidotus Deceau' 
ensUj JEchmodus, ^c) considered as Liaesie in their relations, as a probable representative to 
the south of the Jabalpdr beds to the north. There are also some detached patches of rock 
which occur in the intermediate countiy which may be representatives of the same general 
age. The coal found in these Jabalpdr beds is very irregularly developed (Sher river; 
Lamet4-gh&t). It is jetty, and has much of the character of a true lignite ; indeed in 
many specimens the structure of the now-carbonised stems, of which a large portion of it is 
made, is well preserved. It has been economised recently to a considerable extent by the 
contractors on the Great Indian Peninsula Bailway. But neither in amount nor in quality 
does it constitute a source of fossil fuel of any importance in a general view. I mentioned 
above, that immediately resting on the Jabalpur beds, where the succession is best seen 
(South Eetod), came the massive sandstones ofBandogarh, which were accepted as repre- 
sentatives of the great Mahddeo group, so well seen in the upper and magnificent scarps of 
the Pachmarhi lulls (Central Provinces). 
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This Mahddeo group was first established after a brief examination of tiiese hills in 
„ ^,, ^ ^ 1866-57, and was shown to contain a vast thickness of 

Mokddio bod«. . 

massive sandstones, with many ferruginous bands 
which appeared to be entirely unconfonnable on the Dam4dd beds forming the lower ground 
adjoining. Unfortunat^'Iy the same name was applied to rocks in other places whidi showed 
an approximation to the same general character, and which appeared to stand in the same 
general relation of an entirely unconfonnable series above the Damudd rocks. It was from 
the first indicated that these Mahddeo rocks would require fnither examination. The 
progress of geological investigation in India has since shown the necessity also of greater 
sub-division than was at first apparent. These Mahddeo rocks, with the exception of a few 
badly -preserved and generally large stems, are, so far a^ known, unfbssiliferous, and have 
therefore not attracted quite as much attention as some of the other series I h&ve noticed. 
This absence of fossils also, and the detached, or comparatively detached, positions in 
which the Mahddeo rocka occur, have rendered the question of their geological age more 
diflicult than it would have otherwise been.* Mr. W. Hanford, canying up his examination 
of the country from the west, gave some good reasons for supposing that the Mahddeo 
beds were the continuation and expansion of the cretaceous sandstones found near Bagh 
in the western Karbada. A similar general conclusion had been suggested by Mr. Hislop 
previously, but without much proof. On the other hand, it is right to state that Mr. 
Medlioott, working up from the east, saw reason for supposing that the Mahddea beds in the 
Narbada districts, which he prraumed to be truly representative of the Bandogarh rocks 
in South Kew& (and as a subordinate member of which he considered the Jabalpdr bed^), 
were at the same time only an upward extension of the same uninterrupted suooession of 
deposits, which elsewhere had been justly believed to belong to the Panchet series. 

It will be seen from this that the true position of these beds has not as yet been fixed. 
When first examined it was by me supposed that they, including the Lametd group (to idiich 
we shall presently refer), represented the lowest portion of the tertiary period. The Rev. 
Mr. Hislop, whose untiring exertions have done so much to elucidate the palaeontological 
history of the Central Provinces, was disposed to view them as below all the tertiary depcsits, 
and as representing in India the upper portion of the cretaceous epoch of £urope — a view 
strongly confirmed by Mr. Blanford, who was disposed to put them only a little lower in the 
series, while Mr. Mcdlicott would now make them much more ancient, and wouM place them 
in the same sub-division as the Jabalpur beds, which latter are probably on the horizon of 
the Kot& beds — ^that is, he would consider them Lower Jtmuncf As stated, the question 
cannot at present (January 1870) be definitely settled. 

When first examining the Narbada valley Mr. J. G. Medlicott distinguished in the 

country fringing the river to the south, and between 
the Mah&deo hills and Jabalpur, a series of well- 
marked beds, which he was then disposed to consider as the uppermost group of the 
Mahddeo formation, and to which he applied the local name of Lametd. These Lametd 
beds consisted chiefly of whitish earthy and silicious (cherty) limestones or calcareous mads, 
often a good deal indurated. These sandy calcareous beds formed only a thin band im- 
mediately underlying the trappean rocks. Further and subsequent examination, extending 
more to the east, proved that this band was entirely independent of the rocks below it, with 



• The gUtement originally made that a Tcry perfect specimen of a true ATc\ego$auru§ fonnd nnder the Pach* 
marh I hill a had been obtained from these rocks, waa at once refuted by the mineral character of the rock in wtuch 
it waa imbedded. It was flrom the Darned beds below. 

t The R&jmah&l group of Bengal would in this view be of coarse younger thsa the M ah tfdtfvi of the 
Central Provlncea. 
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which it wSfS associated, inasmuch as, fbllowiag the trappean boundary to the south-eastwards, 
the Lametd group was found to accompany the trap-rock steadily and to rest indiscriminately 
upon ail rocks, &om the gneiss up. It was therefore clear chat it must be viewed as entirely 
separate from the great Mahddeo series, and as intimately connected with the overlying 
trappean rocks. As noticed above, these Lametd beds consist chiefly of cherty and gritty 
limestones^ with subordinate beds of a nodular limestone, loose greenish sandstone, and 
purplish or greenish argillaceous beds either sandy or marly. They have been traced 
considerably south of N4g pur, and thence at intervals round by the trappean boundary to 
Jabalpur, and down the Narbada valley to near Hoshangabad. If Mr. Blanford's 
views be supported by further examination, the limit must be carried very considerably 
to the west to the Punas a and the Dhdr forest. In all cases, too, the trap-rocks, where any 
section is seen, appear to rest quite conformably or continuously on these Lametd beds, 
*and beds which cannot be distinguished from them mineralogically are frequently met with 
interstratified with the traps (as near Nagpdr and between Nagpur and Jabalpur). 

These remarkable sedimentary beds intercalated with the traps of the Deccan and Malwd 

areas have received much attention. They con- 
stitute the Intertrappean series of Hislop, and are 
interesting from their fossil contents, as well as their mineral character and peculiar stra- 
tigraphical position. It would be out of place here to enter into any discussion of the 
various explanations which have been given of these. It most safBce to say that both 
in their lithological character [calcareous muds] ; in their distribution [local and irregular 
lenticular masses, not extending laterally to any great distance] ; in the fossils contained 
[iresh-water and lacustrine shells, fragments of plants, &c.], and in their occurrence in« 
variably between the successive flows of trappean rock, the upper surface in all cases being 
the only one really indurated or altered by the contact of the igneous, heated mass, they 
indubitably point to their origin in the small and irregular deposits in lakes or pools of 
varying size, tranquilly thrown down during the intervals of the successive flows of the 
lava, which now forms the great covering of this immense volcanic region. And I believe 
that the true explanation of the Lametd beds of which I have just been speaking, is that 
they were deposited in a similar way in more widely- extended lacustrine areas, previously 
to the commencement of the great outbreaks of lava. It need not detain us here to in* 
dicate the apparently long interval of time which elapsed during the outflowing of these 
successive lava streams, nor to point out how entirely different in age the intertrappean 
beds of the upper part of the series (Bombay, &c.,) may be from those which accompany 
the lower and older flows. None of these very much newer beds occur within the limits 
of the Central Provinces. 

The geological epoch of these intertrappean beds seems to be tolerably well established 
as belonging to the Eocene period of European geologists ; it being just possibh^ that the 
lower beds of the Lametd group may represent a part of the upper cretaceous time. The 
evidence against this supposition of Mr. W. Blanford seems, however, decidedly stronger 
than that in its favour. 

The wondrous features of the great trappean country of the Deccan which extend over 

so large a portion of the surface of the Central Pro* 
Deccan trap features. . , . n i m :■ i i 

vmces, have been well described by many observers. 

The immense area covered continuously by these volcanic rocks ; the enormous accumula- 
tion of horizontal, or nearly horizontal, layers of basaltic rocks ; the distinct separation into 
beds, or stratification ; the peculiar phj'SMil'^lBSktures, — ^massive flat-topped hills with sharp 
precipitous scarps ; the abundance of beauti&l zeolites and other minerals, and the occur- 
rence of th^ose curious intercalated beds, containing fresh- water fossils, which I have just 
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mentionedi coald scarcely escape the notice of any obsenrer. I have already briefly alladed to 
the general distribution of these rocks, so far as the Central Provinces are concerned, and 
shall not therefore delay further than to refer to the labours of Malcolmson, Newbold, GraDt, 
Carter, Hislop, Medlicott, Blanford, Ac., for more detailed discussions of this eztraordinary 
series, which extends, or has extended, certainly over an area of 10 degrees of latitude by 
15 to 16 of longitude. " The area covered by them in the Peninsula of India can be HtUe 
'* less than two hundred thousand square miles." Their limited extent within the bound- 
aries of the Central Provinces is therefore but a very small fraction of their entire area. 

Of deposits hiter than the trappean rocks there is a great variety and an immense area. 

These would include all the soik of the present sur- 
PotUnppMD deposits. face with their numerous modifications and varying 

agricultural value. 

Laterite occurs in detached areas in S4gar and a4Joimng districts ; it covers a consi- 
derable space in the north-east of Jabalpur district, and b found at intervals passing to 
the south in Ch&nd&, where it covers extensive areas in the eastern and north-eastern 
portions. It presents all the usual characters of this deposit, but nowhere within the Central 
Provinces attains that great thickness and massiveness which admit of its being freely used 
fur building purposes. 

The older gravels and days of some of the river valleys would appear to be next in 

succession. These have been the object of more 
Tertiaiy conglomerates. r i i_j ^ /• 1.1. • f 

oareful study, on account of the numerous remains 01 

large animals, as well as ordinary shells, of which some of the beds contain locally in large 
number. The largest continuous area of these oasiferous gravels and days is found in t^e 
Narbadi valley, along which they extend in unbroken continuity for more than a hundred 
miles from the falls of the ' marble rocks' near J abalptir to below Hoshang4b&d. They 
also occur in the banks of the river both above and below these limits. Very simOar depo- 
rts are found forming the banks and often the beds of the upper feeders of the Godavarf— 
the Wardh4, Paingaug4, &c. — ^and in the God a vari itself ; and here also they locally 
contain a large number of bones, sub-fossilised, the remains of animab which existed at 
the period of their deposition. The valleys of these streams are, however, by no means bo 
well defined as that of the Narbadi, and the limits of the ossiferous gravels and days are 
not easily fixed. The gravels are for the most part cemented into a conglomerate of toler- 
able hardness by the infiltration of carbonate of lime, and these beds might not unfrequently 
be mistaken for conglomerates of greatly older date on a cursory examination. There is, 
however, one fact which enables them to be readily distinguished, and that is the abundant 
presence in them of rolled pieces of the trappean rocks— of numerous agates, pieces of 
bloodstone, &c., which at once prove them to have been post-trappean in their origin. The 
immense variety and abundance of these pebbles also abundantly indicate the vast denuda- 
tion to which the trappean rocks have been subjected since their outflowing and deposition. 

In general character these deposits in their lower portions consist of gravels and sands, 

^^.^ , frequently, as mentioned, cemented together much 

OssifCTOiu gravsLs. . .« < • j 1^ 

in the same way as a concrete is, and somenmes so 

hard as to be quarried for building. Towards the base the clays become sandy and pebbly. 

Sandy beds occur even in the clays, and irregular deposition and oblique lamination (fieJse- 

bedding) are frequent — indeed so frequent as to be almost the normal condition. It is not 

easy to arrive at any just conclusion as to the thickness of these deposits. Actual sections 

of more than fifty feet in thickness are occasionally met with, but twenty to thirty feet are 

the more ordinary limits. The greater portion of the deposits is generally clay, the coarser 

beds being chiefly confined to the portion near the base. Fossil bones are not generally 
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abandaat, bat locally oonridenible nmnbera have been met with. Shells ai^ not unoommon, 
and they appear to be all of speeies now exiating in tiie riven. These beds are obvioasly of 
fresh-wator origin, and were in all probability the flario-lacosfcrine depoeits of the riven 
themselves, at a time when the levels and areas of their valleys were very difSraent imm thoee 
now existing. 

It is not intended to give here a complete list of the organic remains fomid, which wonld 
beloag rather to a detailed description. Bat the very remarkable admixture of existing 
and extinct forms which these deposits exhibit must be noticed ; for along with well-pre- 
served remains of Hippopotamus, Mhinoeero*, Mastodon, peculiar forms of St^kas^ and 
very remarkable Bo vines (which, if not identical with European forms, approximate so closely 
that nothing but the most minute distinctions can be made, while they are entirely distinct 
from any present Indian forms), are found equally well preserved remains of animals still 
existing in the country. The not uncommon tortoise* (Emys {^Pangshural tecta) is found 
quite as fossilised in these beds as any of the other remains, and yet the species still lives in 
the valley itself. The imbedded shells, too, are all of species still living, and the evidence 
is conclusive tiiat the change from the condition under which Hippopotami wallowed in 
the muds, and Bhinoceros roamed in the swampy forests of the country, where Mastodons 
abounded, and where the strange forms of the Sivatherium, Dinotherium, CamelopardaUs 
existed, has been one of continuous and gradual alteration, unmarked by any great breaks 
or vast changes in climate. In the general series of successive epochs into which the geo- 
logical periods distinguished in Europe have been classified, these ossiferous gravels and clays 
would seem to mark the upper portion of the Miocene and the Pliocene ; while, with 
unbroken succession, and with nothing more than local change or break, these Pliocene beds 
pass upwards into the deposits now being formed. We thus find that numerous forms 
of animals, which axe now contemporaries of man, existed at this veiy early period cotem- 
porary with numerous forms of the larger animals now utterly extinct in this country. 
Was not man also cotemporary with these now extinct animals P As I have now endea- 
voured to show briefly, there is no physical break in the long series that would account for 
tlie destruction of these species ; there is not a shadow of proof that the country was not 
then, as now, fitted for the abode of man. And although no human remains have yet been 
found, there is not a single fact which would lead to the conviction that man could not 
have existed and lived under the conditions which then prevailed. In this point of view, 
the discovery — ^although not in the Central Provinces— of a well-formed agate knife,t which 
had obviously been in use, and which was undoubtedly shaped and made with an intelligent 
purpose, in gravels of the same age as these ossiferous gravels of which we have been speak- 
ing and also containing remains of large animals, becomes one of the highest interest, as 
giving some amount of positive proof of the existence of man at this early period (Pliocene), 

Of a later date, and scattered through the upper soils of large areas, flint (or rather 

Btone implementi. *«***) ^'"^^. ^*® ^'^ ^^^^ ^^»^^ ^"^ ^^""^ 

have been chipped off, and numerous forms of 

artificially-shaped agate implements, have been met with intheNarbad& and Nagpnr 

country. And of a later date still, and invariably in the surface-soils, or taken out of these 

soils and brought together under trees, or at the rude shrines of the forest races, a large 

number of well-shaped and polished celts, axes, and other shaped stone implements have been 

found in the Central Provinces. The most remarkable iaot perhaps connected with these 

implements is the identity of form and of design which they exhibit when compared with 

those found abundantly in Northern Europe — an identity common to both forms of these 

stone antiquities, the rudely-chipped and almost undressed, or, as they have been called, the 

Palaeolithic, and the more finished and polished, or Neolithic, types, 

• See BecordB Qeoloffical Swrey of India, 1809, p. 36. f Ilnd, 1808, p. 60. 
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The Central Provincet present many- localities peooliarly likdy to throw light, if cftrefnlly 
stadied, on this intensely interesting quettion^tlie antiquity of man. But such inqaiiiei 
can only be satisfactorily carried out by those iriio are long resident in the immediate 
vicinity, and can therefore watch the oonstani changes which ooear, and take immediate 
advantage of any c^portunity which may present itself. 

Beneath the recent conglomerates and ossiferous gravels of a large portion of western 

Chand4L8a well-marked deposit of brownish-yellow 
SaUoa ssiids ud clajs. . , , , 

sand or clayey sandstone. This is seen over many 

miles of the country wherever the streams cut through the upper beds to any depth. It is 

not at all improbable that it may prove to be of different geological age, and quite distinct 

from the beds resting on it. No good sections have yet been seen. It is specially noticed here 

inasmuch as it contains a certain amount of salt, which is thrown out as an effloniscence 

where this loose sandstone is exposed to the weather, and produces miry places always wet 

and soft, and oflen difHcult to cross. In connection with this deposit we may recall the 

occurrence of beds very low down in the alluvium, or below it, all containing a considerable 

quantity of common salt, in the Ber4r alluvial plain not far to the west of Chanda. Into 

this salt-bearing stratum welb are sunk for the extraction of brine, from which much salt is 

obtained. I am not aware of any brine- wells in the Ch&nda district, but this deixx^t 

contains a considerable amount of common salt, although much mixed with impurities, chiefly 

sulphate of magnesia (Epsom salts).* It is not impossible that the presence of common 

salt in sensible quantities may indicate that the clays containing it have had a marine origin, 

and are thus quite distinct from the beds which rest upon them. 

« 

To treat of the more recent alluvial deposits of the country would involve rather more 

of agricultural than geological questions, and I would 
leave such to others more competent to enter upon 
them. 

The black soil or regar^ or as it is not uncommonly called the * cotton soil/ forms one of 
^^ the most marked varieties in these provinces. It is 

the common soil of the Deccan, M41w&, Narbada 
valley, &c. It varies greatly in colour, in consistence, and, with these, in fertility, but 
throughout is marked by the constant character of being a highly argillaceous, somewhat 
calcareous clay, being very adhesive when wetted, and from its very absorbent nature ex- 
panding and contracting to a very remarkable extent, under the successive influence of 
moisture and dryness. It therefore becomes fissured in every direction by huge cracks in 
the hot weather. It also retains a good deal of moisture, and requires therefore less irri- 
gation than more sandy ground. The colour of this soil, oflen a deep and well-marked 
black, with every variation from this to a brownish-black, would appear to be solely due to 
an admixhu'e of vegetable (organic) matter in a soil originally very clayey. Thus deposits 
of precisely the same character as this regar are being formed now at the bottom of every 
jhil in the country, and throughout the very area where the regar is best marked, it is not 
by any means an uncommon thing to find the slopes of the small hills or undulations formed 



* Two specimens of salt rooghlj prapared from thia Baadjr clay by lixiviation and eraporatioa were assayed at 
the Qeological Survey Office, and yielded— 

Chloride of sodium ... ... ... 

Sulphate of magnesia ... ... ^ 

Clay and organic matter ... ..• 

The first of these was obtained from what is called the white tkopan soil ; the second was from the dsit 
€^opan soil. 
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of more sandy reddish soil, while the hollows helow ooii«ist ^ t^ 
appears to be due to the more argillaceous and finer porUoiu r/ ^ 
being washed away by ordinary pluvial action from the tli*^ *' ' 
hollows, where this finer mud forms a soil much more reteDij<k« ^ *' 
therefore rapidly becomes more impregnated with organic inatt*r **'^"' 
J^ar can thus be formed wherever a truly argillaceous soii '^ fcjf^ ' ' 
but by no means universal, absence over the metamorphic and other r •> ' ^' "* 
for by the fact that these rocks for the most part yield sandy, not eU**^" '^ 
of any very great depth, and, excepting when re-arranged by rivers ia tUir 
it is therefore never met with at any great distance below the surface. 

Obviously formed from the re-arranged wash of the older and mor#. 
soils we find large areas of very fertile soil, consisting of clays rather more ***' ' ^^ '' 
older alluvium, and not therefore so black or adhesive. Though rarely f^ru^ 
of the true regar soil, it frequently contains a large proportion of this, mhuA * '' *^ 
clays and sands. Every intermediate form of soil occurs, and it would by no „^^ ' ' - 
easy task to distinguish them all. In an agricultural point of view, it ig intenan' * * ** 
how exactly the limits of certain kinds of cultivation coincide with the limiu tit^ **' 

ed varieties of the alluvial deposits *• ^»^ ^ *— l. ^i . . .» 

doubtless be able to illustrate more fully 



marked varieties of the alluvial deposits of the oonntiy— fects which the local ^flt^, **^ 

more fullv than I can. 



The preceding sketch has necessarily been of the briefest and most general chanH 
Those who desire to study the geology of the Central Provinces in greater detail may refi 
to the many papers more or less immediately bearing on this country — of Malcolmsfm 
(Transactions, Geol. Soc., Lond.) ; Hislop (Journal of Asiatic Society, Bengal; Journal (^ 
Bombay Branch Eoyal Asiatic Society ; Quarterly Journal Geological Society, London) • 
Medlicott, Oldham, Blanford, Theobald, (Mem. Geological Survey of India; Records Geolo- 
gical Survey of India), in which full details will be found so far as the countiy has yet been 
examined carefully. 

I shall also leave the discussion of the economic value of the several rooks to the detailed 
fltatements of the local officers, who have infinitely better opportunity of knowing how and 
to what extent such materials are eoonomised within their own districts. I have solely 
attempted to give as briefly as possible a general connected outline of the successive formations 
known to occur within fhe limits of the Central Provinces, trusting that this outline may be 
filled in with greater detail by fatnre researohes. 



N. JB.—The following papers bearing on the Geology of the Central Provinces have been 
published since the foregoing was written : — 

The coal-field near Chand&, Central Provinces.'^Beoords, Geol. Surv., India, 1869, p. 94. 

Lead in Baipnr district. Central Provinces.— ii^u^, p. lOI. 

On the lead vein near Chicholi, Bsupdr district-^/^M^, 1870, p. 44. 

The Wardha river Coal-fields, Berar and Central Provinces.— /6uf, p. 45. 

Coal at Korba in Bilaspdr district — Ibid, p. 54. 

Mohpani Coal-field. — Ibid, p. 63. 

Lead ore at Slimanabad, Jabalpdr district. — Ibid, p. 70. 

Coal east of Chhattisgarh in country between Bilaspur and Banchf.— 2^W, p. 71. 

The plant-bearing sandstones of the God&vari valley ; on the southern extension of rocks 
belonging to the Kamtlii gronp to the neighbourhood of EUore and Baj&mandri, and on 
possible occurrence of coal in same direoti<m.'-*-/6tW, 1871^ p. 49. 
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APDinOKAIi KOTB oil THB PlANT-BSABIHO SaVD«TQVX8 OF TSS GODATAXf YaLUIT, 

by W. T. BLAnroBD, F. G. S^ Deputy Superintendent, Qeological Survey qf India, 

Sinoe writing the paper in this volome of the '^ Beoords,'' p. 49, I have found that 
the occurrence of sandirtone near Ellore was mentioned by Yoysey, Jour. As. Soc., Bengal, 
Yol. II, 1838, p. 400. Both Yoysej and Walker refSsr in serenJ places to tiie oceonence 
of sandstone in the valU^y of the OodAraif below 8iroiich&, so that Wall Vas not the first to 
make it known, although he appears to have been the first who explored its extent on the 
river banks. In explanation of my mistake, I should mention that my paper was written 
when I was encamped on the OodAvari without a single book of reference arailable . 

I have also ascertained that the sandstone which extends to the neighbourhood of Ellore 
is connected with the laige tract to the north-west by a narrow strip about six miles broad 
to the west of Paldncha, thus confirming Yoysey's statement on the authority of a 
Mr. Balph (Jour. As. Soc., Bengal., Yol. XIX, p. 290). The sandstones, therefore, extend, 
apparently without a break, from Mangli and Fhizdtira^ 00 miles south of N^kgpur, to within 
a few miles of Ellore, or nearly 900 miles in a direct line. 

The boundaries of this enormous tract are in ntany parts most imperfectly known : by 
fiur the greater portion of the area oonsists of rock in which no trace of coal has hitherto been 
detected, and in which the occurrence of the mineral is highly improbable. It is along the 
edges that there is the best chance of valuable discoveries being made. 

Since writing the paper above alluded to, I have visited Al&pali, a village about thirty 
miles west of Dumagudem on the ICinarBw4mi stream, at which I had been informed by one 
of the officers of the Nizam s Grovemment, the Naib of Naganienpol, that some coal had been 
discovered. Mr. Yanstavem, Executive Engineer of Ddmagudem, had, at my request, sent 
some specimens of the coal found at Ling4l4 to the Naib for distribution amongst the minor 
officials, and for enquiry as to the occurrence of a similar mineral throughout the great 
sandstone country on the right bank of the (jod4varL This resulted in a report of the 
occurrence of coal near Aldpali, but on visiting the spot, I found that all which had been 
found consisted of finsgments brought down by the stream. I had not time to trace these to 
their source, and this was the less necessary, as I found that an officer of the Nizam's Govern- 
ment had been sent from Warangal in order to do so. I have since been informed by the 
Tehsild&r of Kamarmet that the spot has been found. It is some distance to the east of 
Paikhal on the confines of the Kamarmet and Warangal Sircars. This discovery will not 
be of much value at present if any permanent supply can be found on the Godivari below 
the second barrier, but should no such supply exist, the locslity near Paikhal will be well 
worthy of attention. The fragments of coal found in the Kinarswami are shaly and of 
inferior quality, but where this exists better coal may, of course, be found. 
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Mallbt, F. R., Esq. — Two crystals of Zircon and one of Sapphire from Ceylon. 

„ „ „ Specimen of the rock of which Pompey's pillar is constructed. 

TuBNRB, T. H., Esq. — A tazza carved in coarse serpentine. 

Hbtks, C, Esq. — Two andent copper instruments found in a bamboo bush near Kurhnrbari. 

MUBBUM OF Pal^ovtologt, MuiTiGH.— A collection of casts of Soknhofen Yertebrata. 

A collection of Bhietic fossils. 
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ACCESSIONS TO LIBRARY. 

From Ist Apsil to SOth Juki 1871. 
Titles of Books. Donors, 

AaASSiz, L. — Scientifie results of a journey in Brazil. Geology and Physical Geography of 

Brazil, by C. F Hartt, 8vo., 1870, Boston and London. 

Am«sun, N. p. — ^Palffiontolo^a Scandinavioa, Part I. Crustacea Formalionis Tran8iti0niB, 

4to., 1854, Lipsise. 
AReTLii, DuKB 07. — The Reign of Law, 8vo., 1870, London. 
Bastbbi, Jobi. — Opuscula Subseciva, observationes miscellaneas de animalculis et plantis 

oontinentia, Vols. LU, (1762,) 4to., 1762. Haariem. 
BcBTTOBB, OsKAB. — Beitrag zur palsBontologischen und geologischen Kenntniss der Tertiar- 

formation in Hessen, 4to., 1869, Offenbach. 
Bbandbb, Gustay. — Fossilia Hantoniensia ooUecta et in Mussbo Britannioo Deposita, 4to., 

1766, Londini. 
Bbauk, F. — Yerzeichniss der in der Ereis Naturalien-Sammlung zu Bayreuth befindlichen 

Petrefacten, 4to., 18^, Leipzig. 
CkTAhOQTTR of Scientific Papers published by the Royal Society of London, Yol. Ill, (1869,) 

lY, (1870,) 4to., 1869-70, London. 
Catuk, Gbo. — The Lifted and Subsided Rocks of America, 8vo., 1870, London. 
Catullo, Tomaso Antonio. — Dei Terreni di Sedimento Superiorc delle Ycnezie e dei Fos- 
sil! Bryo-zoari, Anthizoari e Spongia^ ai quali danno' Rioetto 

Memoria, 4to., 1856, Padova. 
Costa, Prof. O. G.-— Palieontologia del Regno di Napoli oontinente la Descrizione e figura 

di tutti gli avanzi Oiganioi Fossili, PU. I-II, (1850,) 4to., 1850, 

Napoli. 
Dbscbiption db l'Eotfte, Yol. XX, (1825,) XXI, (1826,) 8to. Geol. et Miner, with plate, 

foUo. 1825-26, Paris. 
Dbbhaybb, M. G. p. — Description de Coqoilles Caract^ristiques des Terrains, Svo., 1831, 

Paris. 
DoLiiFUS, A., and Mont-Sbbbat, £. db.— Mission Scientifique au Mexique et dans L'Am^rique 

Centrale. GMogie. Yoyage G^ologique dans R^publiques de Guate- 
mala et de Salvador, 4to., 1868, Paris. 
Donaldson, J. — Report on the utilization of iron-making materials in the neighbourhood 

of Hazareebaugh by means of convict labour, flsc., 1870, Calcutta. 

Y. Ball, £^. 
FcBTTBBLB, Fbanz.— Das Yorkommeu, die Production und Circulation des Mineralischen 

Brennstofies, 8vo., 1870, Yienna. Trb Authob. 

FoBwooD, W. Stump. — An Historical and Descriptive Narrative of the Mammoth Cave of 

Kentucky, 8vo., 1870, Philadelphia. 
Fbaas, Db. Oscab. — Die Fauna von Steinheim, 4to., 1870, Stuttgart 
Fbitsch, K., y.-Rbiss, W., and Stubbl, A. — Santorin. The Kaimeni Islands, 4to., 1867, 

London. 
Gbab, &IPI0K. — Statistique Min^zalogiqne du D^partement de la Dr6me, 8vo., 1835, 

Grenoble. 
Hatdbn, Db. F. Y. — Geological Report of tiie exploration of the Yellowstone and Missouri 

Rivers, 1859-60, 8vo., 1 869, Washington. 
HATBBNy F« Y. — ^Preliminary Field Report of the United States Geological Survey of 

Colorado and New Mexico, 8vo., 1869, Washington. 
HiVD, Hbnbt Youlb.— Report on the Sherbrooke Gold District, with a Paper on th^ 

Gneisses of Nova Scotia, 8vo., 1870, Halifax. 
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Titles of Boohs, Donon. 

Hitchcock, Edwabd. — ^Report on ihe Geology, Mineralogy, Botany, and Zoology of Maw- 

achasetts, 8vo., 1833, Amherst. 
H0LMB8, F. S. — Phoephate Rocks of South Carolina and the Great Carolina Mail Bed, 

8vo., 1870, Charleston. 
Ibvikb, Ass. Subo. Bobkbt Hamilton. — Some account of ^e Greneral and Medical 

Topography of Ajmeer, 8vo., 1841, Calcutta. 
Jbnkins, Richabd. — Report on the Territories of the R%jah of Nagpore, 4to., 1827, 

Calcutta. 
Lapeiboi7sb, Picot db.— Description de plusieurs nouvelles esp^oes d'Orthoo^ratites et 

d'Ostracites, fol. 1781, Erkng. 
Lyman, Bbnjamin Smith. — General Report on the Punjab Oil Lands, flsc., 1870, Lahore. 
MoBBis, John, and Jonbs, T. Bcpbbt. — Geology, 8vo., 1870, London. 
Palmbb, Db. C, Mubbay, Capt. W. G., and Ball, V. — Report on the Hill of Mahendia- 

giri and the Native Port of Barwah, in the Ganjam District of the 

Madras Presidency, flsc., 1870, Calcutta. Dr. C. Palmsb. 

PiDaEON, Edwabd. — ^The Fossil Remains of the Animal Kingdom, 870., 1830, London. 
Reyn^s, P. — Essai de Geologic et de Paldontologie Aveyronnaises, 8vo., 1868, Paris. 
RoEMBB, Db. Fbbd. — G^ologie von Oberschlesien. With Plates and Atlas, 8vo., 1870, 

Breslaw. 
Schumann, Julius.— Geologischo Wanderungen durch Alt-Preussen, 8vo., 1869, 

Konigsberg. 
ScHTABCZ, Julius.— The failure of geolog^l attempts made by the Greeks from the 

earliest ages down to the epoch of Alexander, 4to., 1868, London. 
SoBBEBO, AscANio. — Notizia Storica dei Lavori Fatti dalla classe di Scienze Flsiche e Mate- 

roatiche deUa Reale Aocad. d. Scienze d. Torino, 1864-65, 870., 

1869, Turin. Thb Tubin Acabbmt. 

Thomsbn, Julius. — Thermochemiske TJndersoBgelser, IX, Underscegelser over Taudige 

OploBsningers Varmefylde, 4to., 1870, Copenhagen. 

Thb Danish Acapemt. 
Wabd, J. CurroN. — Ice, and a Geological Dream on Skiddaw, 8vo., 1870, London. 

Pbbiodicals. 

American Journal of Science and Arts, 3rd ser.. Vol. I, Nos. 1-4, 8vo., 1871, New Haven. 
Annales des Mines, 4th ser.. Vol. VI, Liv. 6, 8vo., 1844, Paris. 

Annals and Magazine of Natural History, 4th ser., Vol. VII, Nos. 87-41, 870., 1871, London. 
Annals of Indian Administration, Vol. XV, Pt. I, 8to., 1871, Serampore. 

GOYBBNMENT OF IkDIA. 

Bastian, a., and Habtmann, R.— Zeitschrift fiir Ethnologic, Band II, Heft. 5-6, 8vo., 1870, 

Berlin. 
Greological Magazine, Vol. VIII, Nos. 1-4, 8vo., 1871, London. 
Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. II, Nos. 9-11, 

4to., 1871, Calcutta. Govbbnment of India. 

EoLDEWET, £., and Petbbmann, A.— Die Erste Deutsche Nordpohir-Expedition, 1868, 

4to., 1871, Gotha. 
Lbonhabb, G., and Gbinitz, H. B. — ^Neues Jahrhuoh fiir Mineralogie, Geologie, und Fak- 

ontologie. Heft. I— II, 8vo., 1871, Stuttgart. 
Mabtini und Chemnitz.— Systematisches Conchylien-Cabinet, Bd. X, Heft. 9, 4to., 1870, 

Numberg, 4to., 1837-41, Nouchatel. 
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Petebxann, Db. a.— Geographiiiohe Mittkeilungen, Band XXVII, Nos. 1-4, 4to., 1871, (lotha. 

Pfeiffbb, Db. Louis. — Malnkozoolo^che Blatter, Band XVII, Bg. 6-8, 8vo., 1870, Cassel. 

The London, Edinburgh, and Dubliu Philosophical Magazine and Journal of Science, 4th 

Series, Vol. XLI, Nos. 270-74, 8vo., 1871, London. 

GOVEBNHENT SELECTIONS. 

BsNaiL. — Vanbxken, Col. D. C, and Macdonald, Majob J. — (General Report on the 

Bevenue Survey Operations of the Bengal Presidency, Upper and 
Lower Circles, for season 1869-70, flsc., 1871, Calcutta. 
„ . — Wbstlaitd, J. — A Beport on the District of Jessore : Its Antiquities, History 

and Commerce, Svo., 1871, Calcutta. Gott. of Bengal^ 

GovBBKUsirF or Ikpia, Hoke Dbpabtxent. 

Bombay. — General Report on the Administration of the Bomhay Presidency for 1869-70, 

8vo. Bombay GovBENMiirT. 

Bbitish Bubmah. — British Burmah, Foreign Department, (General,) Administration Report 

for 1869-70, 8vo., 1871, Rangoon. 

GOVEBKHENT OF BbITISH BuBMAH. 

India. — ^Selections from the Records of the Government of India, Foreign Department^ 

No. LXXXII, 8vo., 1870, Calcutta. Goyebnment of India. 

„ Walkeb, Col. J. T.— General Report on the operations of the Great Trigonomet- 
rical Survey of India during 1869-70, flsc^ 1870, Dehra Doon. 

Home Office. 
Madbas. — Selections from the Records of the Madras Government, No. XXII. Papers rek- 

ting to the Survey and Settlement of the Western Delta Talooks of 
the Godavery District, Svo., 1870, Madras. 

Govt, of Madbas, Home Dept» 

JOUBNALS, TbANSACTIONS. 

Bsbun. — Monatsbericht der koniglich Preussischen Akademie der Wissenschaften za Berlin, 

January to March, 8vo., 1871, Berlin. Thb Academy. 

Calcutta. — Journal of the Agricultural and Hortioultural Sooiety of India, New Ser., 

Vol. II, pt. II, 8vo., 1871, Calcutta. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Noa. 3-6, 8vo., 1871, Calcutta. 

The Society. 
w Records of the Gedogioal Survey of India, Vol. IV, Pt. II, 8vo., 1871, Calcutta. 

The Subvey. 

„ Transactions of the Medical and Physical Sooiety of Calcutta, Vol. I (1825) 

IX, Pt. I, (1846,) 8vo., 1826--16, Calcutta. 
CoFENHAOEN.— Steenbtbuf, J. J. SM.^Oversight over det kongelige danske Videnska- 

bemes Selskahs Forhandlinger og dets Medlemmers Arbeider i 

Aaret, 1868-70, No. 6, (1868,) No. 4> (1869,) No. 1, (1870,) 8vo., 

1868-70, Copenhagen. Danish Academy. 

Edinbuboh.— Proceedings of the Royal Society of Edinburgh, session 1869-70, Vol. VII, 

No. 80, 8vo., 1870, Edinburgh. The Society. 

„ Transactions of the Royal Society of Edinburgh, Vol. XXVI, Pt. I, 4to., 1870, 

Edinburgh. The Society. 
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Flobktcl— BoDHIino R ConiUio Gcologieo Dltalia. Kos. 1-4. %wo^ 1871, Floraioe. 

Tn CoMMiwiov. 
Grit ETA.— M^oirni de U Soriete de Phrsiqa^ ei d'Hwtotrv NatanDe de Centre, Vol. I, 

U>!ai^— XIII |i85i,) 4lUi^ 1K21-^ Genere. 
GLiMOW.^Proce^inpi of the Phil.^phical S^iVty of Glasgow, Vol. VI, No*. 2-4, (1866^^), 

Vol. VII, Xoft. 1-2, (l»#i^7tg !*TO^ 1«66.70, Glasgow. 

Thb Socnmr. 
I^VDOV.^Britbii MiuMin. A Gttid« to the CoDectioB of lioN^nls, Syo., 1870^ London. 

TsrsTEKs, Bb. MrsEm. 
n Index to the conectioii of Mtnenb in the British Miueaiii, 8vo., 1870. London. 

Tsrsms, Bkitibh HrsETM. 
f* Catalogue (^ the CoIhH^tkm of Meteorites exhiVited in the Mineral Department of 

the ftitish Mnseom, 8to., 1870, London. 

TEUSTKn, Bb. M rasrv. 
m BrnxB, Abthtb G. — Catalogue of Dinnud Lpfridoptera described hy Fabridm 

in the Collection of the British Mnaewn, 8ro., 1869, London. 

Tbcstebs, Be. MrsEuv. 
n Bctlbb, Abthtb G. — Catalogue of Dinraal Lepidoptera of the Familj SatT- 

rids in the Collection of the British Masenm, 8vo., 1868, London. 

Tbustbes, Bb. Mrssrv. 
n Gbat, Gbobob Robbbt. — Catalogue of British Birds in the Collection of the 

British Moseom, 8to., 1863, London. Tbustkcs, Bb. Husetk. 
w» Gbat, Gbobgb Bobebt. — Hand-List of Genera and Species of Krds, distin- 

guishing those contained in the British Mnsenm, Pt. I, (1801^.) 
8vo., 1869, London. Tbustbbb, Bb. Mubevm. 

n Gbat, Gbobob Robbbt. — List of the Specimens of Birds in the collection of the 
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Abstbact of results of bxahination of THB Akhonitb-fauka of Eutch, with 

BBMABES OK THBIB DI8TBIBUTI0N AMONG THB BBD8, AND FBOBABLB AGB, by WiLLIAJC 

Waaobn, Ph. D., Chohgical Survey qf India, 

In preparing for the " Pal^eontologia Indica" a monograpli of the fossil Cephalopoda 
and in particular of the Aumonitidje, represented in the Kutch Jura, I have obtained some 
general results, which may be interesting to notice in connection with the study of the 
Jurassic deposits in that province. 

The Cephalopoda seem rather common in all the principal Jurassic strata of Eutch, 
excepting in the lowest beds, which have as yet furnished only some Gastropods, a great 
number of Pelecypods, besides some undeterminable fragments of Belemnites ^d a few 
other fossils. 

The number of species of Ammonites collected by Messrs. Blanford, Wynne, andFedden, 
in the course of a few working seasons, amounts to abo«t 80, of which number, however, all 
are not in a sufficiently good state of preservation to allow of accurate determination. 
According to the different genera, which have been lately distinguished in superoession of 
the old genus " Ammonites" the following are represented in the Eutch Jura : 6 species of 
Phylloceras, 2 of Lytoeeras, 1 Haploceras, 6 Oppelia, 6 Sdrpoceras, 7 Peltoceras, (n, y.J 
4 AspidocenUy 17 ^ephanocerae, and about 32 Perisphinetes, If we inquire into the geo- 
logical distribution of those genera in the European Jurassic districts, we wiU find that the 
Phylloceras and Lytoeeras are not limited to certain strata of the Jurassic formation, but 
begin in the Trias, and extend without any interruption into the middle, and even upper 
layers of the Cretaceous period. Maploceras, on the contrary, occurs within narrower limits, 
appearing solitary for the first lime in the Bathonian, and disappearing again in the lowest 
beds of the Neocomian, its principal development being in the Tithonian group. Of the 
genus Oppelia the greatest number of species is found in Oxfordian and Eimmeridgian 
beds, furnishing only a few sporadic species in lower strata, and beginning in the Inferior 
Oolite. Harpoceraa is characteristic for the Lias, but extends, however, in well developed 
forms up into the Oxfordian, and even into the Eimmeridgian group. PeUoceras is 
chiefly an Oxfordian, ^«pt<2oo0ro# chiefly a Eimmeridgian and a Tithonian genus. 
Stephanoceras occurs through the whole Jura, whilst Perisphinctes, represented by a larger 
number of species and specimens than any of the other genera, is mostly characteristic for 
the Upper Jutsl 

If we now consider the number of species, by which eveiy single genus is represented 
in the Eutch Jura, the simple comparison of the numbers before given, with the fiicts known 
regarding the geological position of the genera in Europe as stated, above, will show us 
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clearly, that at least a part of those juraaaie strata must beloqg to the Upper Jura, anless 
we presume that the fauns hare followed laws of distrihution quite different fiiom those 
which were prevalent during the time of the Jurassic deposits in Europe. 

Proceeding to the species, I wiU give hrief distinctive characters of the new fonns which 

1 have described. There are of Phylloceras, preserved in the Geological Survey Museom, — 

PhffUoceroi disputabile, Zitt. (golden oolite of Keera hill near Charee ; hrovn 

oolite of the Jooria hills). 
Lodaietue, Waagen, n. sp. (brown oolite of Lodai). 
Feddeni^ Waagen, n. sp. (oolite with iron nodules near Dhosa). 
pi^ehoieum Qnenst. (coarM iron sandstone of the Sjitrol range). 
H Zignodianum^ Orb. (golden oolite of Keera hill). 

Phyllooeras Lodatente^ Waagen, n. sp. Very closely allied to Phyll, dispuiMle, Zitt^ 
but the furrows disappearing on the siphonal side and veiy deep near ihe umbilical 
margin ; it has also much shorter and broader lobes than PhylL duputabile, 

Phjfllocera* Feddeni, Waagen, n. sp. Closely resembling Pkyll, Momairei, Orb., bat 
the umbilicus a little smaller and the external saddle finishing in three unequal leaves. It 
differs from Phyll, euphyllum, Neum., by a little larger umbilicus and less developed third 
leaf on the external saddle. 

The genus Lytoceras has furnished, as stated before, only two species, <me of them 
being new ; they are : 

Ljftoeerat Adeloides, Kudem. (golden oolite of Keera hill). 

„ rex, Waagen, n. sp. (sandy yellow rock, S. of Charee). 

lAfiooerae reat, Waagen, n. sp. A specimen of 600 m m. in diameter. Inner whoris 
finely striated without any prominent ribs ; body-chamber with a few prominent ribs^ with 
broad smooth spaces between them ; ribs with 7 folds on each side. 

The species of Haploceras which I have mentioned before is not determinable with 
sufficient certainty, as the last part of the body-chamher is wanting ; but it is veiy probsUj 

Haploeeraa iomepkorum, Zitt (coarse sandy iron rock, S. of Boojooree). 

The genus Oppelia has furnished several well known European species of great interest, 
only two new forms were among the number. The species are : 

Oppelia eubcoetaria, 0pp. (golden oolite, Sleera hill). 
„ glabella, Leckenby (gray marl nodule, Keera hill). 
„ trachynota, 0pp. (coarse sandy iron rock, Katrol range). 
„ Cutchensis, Waagen, n. sp. (same layer and locality). 
„ plicodiecue, Waagen, n. sp. (rock indistinct, S. of Madapoor). 
M cf. eerrigera, Waagen (gray limestone, S. of Nurrha). 

Oppelia OuieJkeruie, Waagen, n. sp. Yeiy much like Oppelia eompea, 0pp., however 
mueh smaller ; the siphonal side rounded, granulated ; tuberdes on the body-chamber aeaite, 
distant, rounded ; ribs entirely disappearing. 

Oppelia plieodiecus, Waagen, n. sp., belonging to the group of Oppelia eubtiliUJbaia^ 
W. and nearly allied to Ojpp, tenuilobata, 0pp. The shell is small and covered with rather 
broad, strongly falciform libs, which are a little swollen at the middle of the sides; nesr 
the siphonal margin a great number of veiy fine, short ribs, which are not in connection with 
the others, are visible. 
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Among the species of the genus Harpoeeras, there is a single European form ; all the 
other species are as yet known only from the Indian Jura. The species are : 

Harpooer(u kecticum, Bein. (golden oolite, Eeera hill). 
M ignobUe, Sow. (yellow limestone, Keera hill), 

„ erass^ftUcaiumf Waagen, n. sp. (same layer and locality). 

„ Orientale, Orh. (rock indistinct, Eeera hill). 

„ fornix, Sow. 

„ Nurrka^ttse, Waagen, n. sp. (uron nodole, Nnrrha). 

Harpoeerai erassefalaUum, Waagen, n. sp., resembles very much Harp, ignohile. 
Sow., but the whorls are depressed ; the ribs much stronger, less numerous and much more 
irregular ; the species is also of smaller size^ when adult. 

Harpoceras NurrkaSjue, Waagen, n. sp. Allied to Harp, lunula, Rein., but the ribs 
which cover the sides of the shell are much finer and sharper, and much more curved than 
in the last mentioned species. 

Peltoceras, Waagen, n. gen. This genus is, I consider, very closely allied to Aspido- 
cerag, Zitt, and possibly only a sub-genus of it. It is established for the species which Zittel 
in his last volume on the Tithonian fauna has separated from his genus and united with Peri" 
sphinctet, but I think the relation between those forms believed to belong to Perisphinctes 
and Aipidocerat peramuUum, as he calls this Ammonite, are much closer than the relations 
between them and the true Perisphinetes, though contractions of the whorls also occur in 
the former species. I am disposed to consider in this case the form of the lobes as the most 
important distinguishing character. Thus, for instance, in Amm, Arduennentis and Amm, 
perarmatus, the lobes are nearly identical in both species, the first lateral lobe being so much 
enlaiged that the second lateral lobe becomes nearly obsolete ; and as this form of lobes 
never occurs in the true Aspidocercu (as Asp. iphicerum and others) nor in the true Peri' 
tphinctes (as there the auxiliary lobes have another position), I think it reasonable to separate 
those species witii this particular shape of lobes under a distinct generic designation. The 
genus Peltocercu is, therefore, characterised by the particularkf enlarged lateral lobe, a 
discoid, largely umhUicated shell ; the whorls sometimes vdth contractions, always covered 
with strong straight ribs, which are sometimes provided with two or three rows of spines ; 
siphonal side more or less flattened or even excavated, ribs crossing over or disappearing 
before they reach the siphonal part of the shell. Aperture more or less rectangular. 
Thus characterised, I believe, the genus should include the groups of PelU Arduennense, 
transversarium, perarmatum, hybonotum and a few other, less known, forms. The species 
of this genus occurring in the Eutch Jura are : 

Peltoceras athleta, PhiU. (gray marl nodule, N. of Ooodjinseer). 

„ aegoeeroides, Waagen n. sp. (brown oolite of the Jooria hills). 

„ Arduennense, Orb. (same layer and locality). 

„ semirugosum, Waagen, n. sp. (brown oolite of Lodiu and the Jooria 

hiUs). 
„ bidens, Waagen, n. sp. (same layer and locality). 
„ perarmatum. Sow. (brown oolite of Lodai and Jooria» and doubtful 

from the red sandy iron rock of Euntkote). 
„ monacanthus, Waagen, n. sp. (coarse yellow sand rock, Eatrol range). 

Peltoceras aegoeeroides, Waagen, n. sp. A vexy small species, with many thin some- 
what rounded whorls and numerous simple ribs which cross the siphonal side undivided ; 
whorls barely touching each other. 

Peltoceras semirugosum, Waagen, n. sp. This species becomes extremely large, and in 
that form closely resembles PelU perarmatum, Sow. Young specimens, however, have almost 
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entirely the form of Pelt. Arduennetue, Orb., with the single difference, that the ribs, which 
are, as long as they exist on the shell, divided into two branches nearly firom the umbilical 
margin, are stronger and less nomerons. Growing larger each rib is prodaoed at the pmnt, 
where it passes from the lateral to the siphonal side, into a prominent spine, fiN>m which the 
rib proceeds regularly over the siphonal side. In yet larger specimens a second row of 
spines appears also near the umbilical margin, the ribs become then nearly obsolete, and 
firagments are only distinguishable from Pelt perarmaium by the peculiar flattening of the 
ribs which connect the corresponding tubercles of both the umbilical and perispherical rows. 

Peltoeerae bidene, Waagen, n. sp. Very much resembling the former species, but dis- 
tinguishable by the ribs being mostly undivided and very coarse ; they are provided on the 
siphonal side with two indistinct tubercles. Large specimens have more distant spines than 
Pelt, eemirugoeum. 

PeUooerae monaeanthue^ Waagen, n. sp. Allied to PeU. hyhonoium, 0pp., but with 
only one row of spines near the umbilical margin, and less distinct granulations on both 
sides of the median excavation on the siphonal side. 

The genus Aepidocerae, though represented in our Museum by a good many fragments, 
has furnished only two determinable species ; they are : 

Aepidocerae ^kieerum, 0pp. (red, fine sandy iron rock, N. of Dhosa). 

>f Wynnei, Waagen, n. sp. (coarse sandy iron rock, at Toodoora, S. of 

Boojooree, together with HapL tomephorum) in tilie highest layer 
containing Ammonites). 
The other fragments are from the coarse iron sandstone of the Eatrol range, and appear 
to be referable to Aep. iphicerum^ 0pp., and binodum, Quenst. 

Aspidocerae Wynnei, Waagen, n. sp. Most nearly allied to Atp. Apenninicum, Ziti, 
but the outer row of tubercles stronger, and more numerous ; and in general more irregukr 
than in the species just quoted. 

The genus Stephanocerae is extremely rich in forms in the Kutch Jura, but notwith- 
standing this, it only represents there a single group, the Macrocephali. Several 8ub-di?i- 
sions among the species belonging to the genus can be distinguished, facilitating the deter- 
mination of the species ULcmselves. I distinguish (1) a group of species, allied to the true 
St. macrocephalum, (2) a group of species with bent ribs on the siphonal side, which replace 
in India the group of St. yoverimnum, &c., of Europe, (3) the group of St. madiolare, repre- 
sented in India but by a single species. 

To the first group belong the following species : 

Stepkanocerae macroeepkalum, Schlotb. (golden oolite of Eeera hill, brown oolite 

of Jooria, grayish yellow marl rock of Jumara). 
tiunidum, Bein, (golden oolite, Eeera hill). 

Polyphemus, Waagen, n, sp. (common in tiie brown oolite of Lodai, 
Jooria and N. of Goocyinseer, very rare in the golden ooUte of 
Keera hill). 
„ lamelloeum, Sow. (golden oolite, Keera hill ; P yellow sand rock, N. of 

Dhosa). 
„ Ckareeeiue, Waagen, n. sp. (golden oolite, Eeera hill ; yellow marl 

rock, Jumara). 
„ OratUanum, 0pp. (same rocks and localities as the preceding sp. ; 

also in a sandy iron rock at Kaora, Putchum). 
elephantinum. Sow. (brown oolite, Lodai). 
arenosum^ Waagen, n. sp. (same rock and locaEty). 
/ Maya, Sow. (red iron rock, Euntkote). 
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Stephanoceras Polyphemus, Waagen, n. sp. This species grows enonnoTisly large, 
IJ feet in diameter, and seems identical with d'Orbigny's drawing of St iumidum (Orb. non 
Bein.). It differs from the real St. iumidum by very broad ronnded ribs and a smooth body- 
chamber, while Beinecke's species has fine sharp ribs and a plicated body-chamber. 

Stephanoceras Chareeense, Waagen, n. sp.^ Allied to St, Morrisi, 0pp., but much 
broader near the umbilicus and with a veiy narrow siphonal side, on account of which the 
transversal section of the whorl is nearly triangular. There are also some differences in the 
sutures. 

StephanoeertM arenoium, Waagen, n. sp. Of a very flat lenticular form, with faint, 
broad rounded ribs somewhat resembling St. ZcUandeanum, Orb., but the ribs are not un- 
divided, and only few of them reach to the umbilical margin. The lobes are also quite 
different. 

The second group includes the following species : 

Stephanoceras dimerum, Waagen, n. sp. (golden oolite, Keera hill ; gray marl rock, 

Jumara ; sandy iron rock, Kaora ; doubtful, Jooria). 
subtrapezinum, Waagen, n. sp. (golden oolite, Keera hill). 
eueyelum, Waagen, n. sp. (brown oolite, Keera hill, Jooria hills). 
opis, Sow. (iron nodules, Keera hiU; brown oolite, Jooria; oolite, 

Dhoea). 
Jissum, Sow. (red iron rock, Kuntkote ; brown oolite, Lodai, Jooria ; 

oolite, Dhosa ; iron nodule, Keera hill). 
Nepalewe, Gray (red iron rock, Kuntkote; brown sandstone, 

Trummo river). 

Stephanocerat dimerum, Waagen, n. sp. Allied to St. Hierveyi, Sow., but with smaller 
umbilicus and with the ribs curved in front on the siphonal side. The ribs are broad and 
prominent; the general shape of the specimens somewhat globular. Body-chamber with 
strongly curved, high, lamellose ribs. 1'he species attains scarcely more than a diameter 
of 60-60 mm. 

Stephanoceras subtrapezinum, Waagen, n. sp., very much like the preceding species, 
but wii^ much finer ribs, and with flattened sides of the whorls ; the aperture having 
a somewhat trapezoidal shape and the form of the whole shell being more lenticular. It 
attains a little larger size than the preceding species. 

Stephanoceras eucyclum, Waagen, n. sp. Full grown specimens with preserved body- 
chamber have a slight resemblance to similarly preserved specimens of Cosmoceras omatum 
or Duncani, but the examination of the inner whorls shows that the species belongs to 
Stephanoceras. The umbilicus is very wide, the whorls a little compressed, and covered with 
polytome fine ribs ; the lobes are very short and broad. 

The last group of Stephanoceras is that of Steph. modiolare, Luid., only represented 
in Kutch by a single species. 

Stephanoceras diadematum, Waagen n. sp. (golden oolite : Keera hill). 

Stephanoceras diadematum^ Waagen, n. sp. The species attains nearly one foot in 
diameter. Full grown specimens axe entirely smooth, and closely resemble large individuals 
of St, modiolare, Luid., except that the umbilicus is always wider ; small specimens, how- 
ever, are entirely different, as they never have the ^ Lamberti-like" shape, which characterises 
young individuals of the last mentioned species. St. diadematum has always very broad, 
depressed whorls, which are covered in the first youth with dichotome ribs becoming after- 
wards polytome, and passing with a slight curvature in front over the flat siphonal side ; 
the lateral lobes are situated on this latter portion of the shell. 
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The genui Perispkinetet has furnished, of all ihe Ammomtes, the greatest nomber of 
species, and I regret that the European species of this genus are as yet so little known, that 
in many cases a comparison of our fauna with the forms found in European strata 
becomes utterly impossible. The forms of PerUpkinetet found in Kutch may be 
oonyeniently divided into a few larger sections, which I may call after the oldest and best 
known species, without, however, assigning these sections the value of developmental aeries 
(Formenreihen, Entwickelungsreihen). I distinguish (1). A sectum tf firmt, 
related to Per, Konigi, Sow. ; the spedee to which I refer represent a connecting link 
between the last mentioned species and Per, Bolandi^ PrUckUtU, and other Ammonites 
of the European Upper Jura. The whole section ranges between the true Periepkinetes 
and Stepkanoeerae, and, following the external form, it could almost with equal right be 
referred to the one or the other of the two genera. (2). Section ofjbrme allied to Per, 
Martiueif Orb, The species of this section chiefly occur in middle Jurassic and Call o- 
vian beds, and their number was reoenUy considerably increased by the description of new 
forms in Europe. The latest representatives of it in Europe are known from Oxford strata. 
(3). The species of this section are allied to Per. plieatiliti Sow., and are chiefly from 
Oxfordian and Kimmeridgian beds. (4). Section of Jhrme allied to Per, Bek* 
manni, 0pp. A small series of species with a very peculiar shape, in many points entiidy 
separated from all the other Perisphinctee, and chiefly characteristic for the Callovian* 
Besides these tiiere occur in the Kutch-Jura also some other species which cannot be referred 
to any of those sections, and which must for the present be looked upon as sporadic, or 
isolated species. 

The first section, characterised by the great scarcity of contractions on the whorls, 
mostiy without any umbilical edge, and by thick scarce ribs, includes the following species 
from Kutch : 

Perisphinetes obtueicoeta, Waagen, n. sp. (oolite of Dhosa ; iron nodules of Keen 

hill ; gray marl nodules, N. of (}oodjinseer). 

^f^ff<u^^i^t Waagen, n. sp. (same rocks and localities as preceding 
species). 

Dkoeaensis, Waagen, n. sp. (oolite of Dhosa ; brown oolite of the 
Jooria hills ; iron nodule, Keera bill). 

mutans, Waagen, n. sp. (dark red iron rock, N. of Goodjinseer). 

Perisphinetes obtusicosta, Waagen, n. sp. Slightiy resembling Per, Rolandi, Opp,, 
but with less numerous and rounder ribs, which aro not divided so far down as in the last 
mentioned species; in large specimens the ribs become flatter and moro numerous. The 
lobes are much finer and more ramified than in Per, Bolandi. 

Perisphinetes angygaster, Waagen, n. sp. In its general form resembling Per. 
ihvolutus, (Juenst., but with only dichotome ribs, which are few in number and obtoaely 
rounded ; in some pbices there is a broad, flat, contraction of the whorl visible. The lobes 
aifi very much like those of the preceding species. 

Perisphinetes Dhosaensis, Waagen, n. sp. A small species of about 4D m m. in diameter, 
with wide umbilicus, rounded whorls and very strong dichotome ribs, which often become 
a littie broader in passing over the siphonal side, resembling the ribs in some Aegoeeras or 
in Amm, Jissicostatus, to which latter species our specimens have a certain resemblance as 
regards their general form. The lateral margins of the aperture have two not very long 
lancet-shaped ears. The species seems to be common. 

Perisphinetes mutans, Waagen, n. sp. Young specimens of this species have a certain 
resemblance to Per. Dhosaensis, but the form changes even at an early stage : the whorls 
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beoome compressed, the ribs flattened, and the body-chamber of a Bpedmen of 60 m m. ia 
diameter (aboat the largest size the species appears to attain) is nearly quite smooth. 

The section of Fer, Mdrttusi is represented in the Entch Jnra by nine determinable and 
at least four, as yet undeterminable, species, the latter being in our Museum only indicated by 
fragments, not sufficient for a reliable definition of the species. The better known species 
belonging to this section are : 

Periiphinctes Mpirorbis, Neum. (golden oolite, Keera hill). 
bracteatuSf Neum. (same beds and locality). 
fiinatus, Opp. (same beds and locality). 
paratnorphus, Waagen, n. sp. (same heds and locality).^ 
arcicosta, Waagen, n. sp. (same beds and l<icality). 
„ curvicosta, Opp. (oolite of Dhosa ; marl nodules, Goodjinseer ; yellow 

marl rock, Jumara). 
euryptychus, Neum. (hard yellow limestone, Keera hill). 
Poffri, Waagen, n. sp. (red iron rock, Euntkote). 
Ghtdjiiuirensig, Waagen, n. sp. (marl nodules, Goodjinseer). 

Peritphinctes paramarphus, Waagen, n. sp. A remarkable species, which undergoes 
great changes according to age. When quite young, the whorb are rounded and slightly 
involute, covered with strong, few, and dichotomous rihs ; middle sized specimens have a 
slightly squarish section of the whorls, these being more involute and covered with moder- 
ately numerous, strong bipartite ribs. Growing only a little krger than 100 m m. in diameter 
the whorls become rather high oval with a narrowly rounded siphonal side, and the ribs 
disappear entirely ; in this stage the species resembles large specimens of Per, tpirarbis, 

Perisphinetea areicosta, Waagen, n. sp. An intermediate species between Per, aurU 
genu, Opp., and curvicosta, Opp. The whorls are compressed like those in the former species, 
whilst the kind of ribbing agrees more with that of the latter. The largest size to which 
the species attains is about 60 — ^70 m m. in diameter. In such specimens the body-chamber 
is but slightly ribbed and the lateral ribs are disconneoted from those situated on the siphonal 
side. 

Perisphinctes Pagri, Waagen, n. sp. In its general form very nearly allied to Per. 
Orion, Opp., but with less strongly prominent and more numerous lateral ribs ; the ribs on 
the siphonal side are slightly turned backwards. 

Perisphinctes Ghtdjineirensie, Waagen, n. sp. A species also belonging to the group 
of the Convoluti, but certainly one of the most extraordinary forms of the whole group. 
The whorb are very depressed and the umbilicus large. Young specimens are of the usual 
habit, but fuller grown ones become provided with high, distant lateral ribs, which are 
divided into three flat branches on the depressed siphonal side. Full-grown specimens do 
not exceed a diameter of 100 m m. 

In connection with the few last menti(med forms I shall describe three species, which 
are as yet unknown from Europeain Jurassic formations, and which are, strictly speaking, more 
geologically than zoologically related to the former. They are : 

Perisphinctee firequena, Opp. (oolite of a valley, west of Soorka hill, together 

with Mhynck, myriacatUha), 
„ denseplieaiue, Waagen, n. sp. (same kyer and locality). 

„ aberrafUt Waagen, n. sp. (white marl rock, Eeera hill). 

Periiphincte* denseplieatue, Waagen, n. sp. Very nearly allied to Per. ft^quene, Opp., 
but with a somewhat smaller umbilicus, higher whorb, and much finer lateral ribs, which 
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are never tripartite on the onter mar^n, bnt soQietimes bipartite and sometimes cross undi- 
vided over the siphonal side. 

Periiphinctes {iberrans, Waagen, n. sp. The only species with which I can oomparp 
this form is Per, AlbertintUf Cat., but the difference liea in Catullo's species poaeessiDg t 
furrow on the siphonal side when young, while there is no trace of it in the present species. 
The dissimilarity, however, between young and old specimens of cAerram ia by no means 
less marked than in Per, Albertinue. The young form resembles a little Per, eonvoitUut; 
it has many separate rounded whorls, with fine ribs and tolerably numerous very obhqne 
contractions of the whorls. When growing larger the ribs of the individual become in an 
equal degree more distant, stronger and higher on the sides of the whorls, whilst, on the 
contrary, they gradually disappear on the siphonal side. 

The third section (of Per, plicatilis, Sow.) is the richest in forms in ike whole Jura. 
In Europe it is represented by at least 100 species, all occurring in strata of Oxf ordian, 
Eimmeridgian or Tithonian age, but for the greater part the species are as yet undes- 
cribed. The 'difficulty, therefore, not only in determining, but in comparing the Indian 
species with European forms, is much greater in this section than in any other, and the con- 
clusions, which in other groups and genera are so naturally associated merely with their 
names, can in this instance not be drawn from the identity of the species, but only from the 
general habitus of the forms; however, some of the Indian species can nevertheless be 
identified with European Ammonites. The species belonging to this section are : 

PerUphindes Indogermanus, Waagen, n. sp. (brown oolite, Jooria hills ; yellow 

nuurl rock, Joorun). 
plicaiilie, Sow. (red iron rock of Euntkote ; same rock at Joorun). 
iorquatuSt Sow. (coarse iron sandstone of the Katrol range). 
hathyplocus, Waagen, n. sp. (same layer and locality). 
Pottin^erij Sow. (same layer and locality). 
euplocue, Waagen, n. sp. (same layer and locality). 
Katrolensis, Waagen, n. sp. (same layer and locality). 
virffuloidee, Waagen, n. sp. (red iron rock of Euntkote). 
Perisphinctes Indogermanue, Waagen, n. sp. Yeiy nearly allied to Per, pUeatUiti 
Sow., and often mistaken for this species, but distinct from it by rounded whorls and flat- 
tened ribs on the siphonal side. There are specimens in our museum from Eutch as well as 
&om Trouville in Normandy (Zone of Am, cordatue), 

Perisphmctes hathyplocus, Waagen, n. sp. Allied to Per, iorquatus, Sow., so much 
so that young specimens are almost undistinguishable. Per, hathijfploetu has, however, 
always finer ribs and thicker whorls. When large, the lateral parts of the ribe are much 
swollen and distant from each other, and to each of them correspond five- or six fine ribs on 
the siphonal side ; only in very large specimens the latter become obsolete, or veiy neariy 

80* 

Perisphincies euplocus, Waagen, n. sp. Allied to Per, Potiinfferi, Sow., but with 
much thinner whorls, and S-shaped, irregular, fine ribs. On the body-chamber the ribs 
become scarcer, more prominent and straight. 

PerUphinctes KatroUnsis, Waagen, n. sp. Equally allied to Per, PoUinfferi as the 
last, but attaining a much larger size, and with the body-chamber much less strongly ribbed. 

Perisphinctes virgvloidee, Waagen, n. sp. Closely resembles Per, tfirfftUatus, Quenst; 
the ribs are, however, not so fine and the contractions of the shell indistinct. 

The next species belongs to a group which is of great importance for the geology of the 
European Jura ; it is — 

Peritphinctes leioc^^mon, Waagen, n. sp. (red iron rock of Eunticote). 
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The groap is typified bj Per, polyjplocus, Bein. This latter species is known in Bnrope 
to be very characteristic for the Kim me ridgi an, and not alone that, but the whole group 
is restricted to a similar horizon. It is doubtful whether in India the geological position is 
exactly the same, but nevertheless Per. leioci/mon deserves particular notice. 

Periephinctee leiocymon, Waagen, n. sp. Closely allied to Per. polyplocua, Bein., but 
with much fainter ribs and of by fiBir larger dimensions ; only the ribs are near the umbi- 
lical margin somewhat more strongly marked. The species shows also by its rounded ribs 
some slight resemblance to Per, albientu, Opp^ and thus the Indian species may be said 
to represent a connecting link between the section of Per, Martiuei and the Polj/ploci 
group. 

The last section of Perisphinetes is that of Per, Sehmanni, 0pp. The species belong- 
ing to it usually possess spiny whorls and a flat band along the middle of the siphonal side. 
Though I think the section originates with Per, eulcatue^ Hehl., I quote as the first species 
Per. Sehmanni, because the geological relations between those two species have not as yet 
been established. The Indian species belonging to the section are : 

Periephinctee JSehmanni, 0pp. (golden oolite, £eera hill). 

anceps, Bein. (iron nodules, Keera hill ; oolite, Dhosa). 
arthriticue, Sow. (iron nodules, Keera hill). 
Joariensis, Waagen, n. sp. (brown oolite, Jooria hills). 

Periaphinctes Jooriensie, Waagen, n. sp. Allied to Per. JBalderue, 0pp., but more 
evolute, with less numerous contractions on the whorls and sharper and more regular ribs. 

The 73 species above enumerated have been determined and described from the mate- 
rials in our Museum with sufficient certainty. Several forms I was obliged to put aside, 
partly because the materials were in bad preservation, and partly because there was not a 
sufficient number of specimens existing, in order to point out the exact relations or distinc- 
tions of the species ; this is particularly the case among the Periephincies, 
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The oldest known locality where Ammonites occur, and at the same time the richest 
in forms, is the Keera hill near Charee, and the mineralogical difierences of the rocks in 
which different species are preserved clearly indicate that there must be several distinct 
groups of middle and upper Jurassic strata exposed. This variety of the rocks cannot be 
accidental, as is, for instance, shown by St, tumidum or Per, Junatus, which never occur 
in an iron nodule, while Per, arthriticue has never been found in the golden oolite. Of the 
different beds in this locality, containing different Ammonit«-faunas, I can at present point 
out two, each with a sufficiently laige number of species, the golden oolite and the bed with 
iron nodules ; all the other strata are represented only by a few species :— 

(1.) Ammonites of the Qolden Oolite of Keera hill near Charee : 



Phylloeeras disputahile, Zitt. 

„ Ziffnodianum, Orb. 

LytocercLe Adeloidee, Kud. 
Oppelia subcoetaria, 0pp. 
Marpoceraa hecticum, Bein. 
Stephanocerae nutcrocephalum, Schloth. 

tumidumy Bein. 

PolyphemtUt Waagen. 

lamelloeum. Sow. 

Chareeemte, Waagen. 
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Stephanocerae Orantanum, 0pp. 

dimerutn, Waagen. 

eubtrapezinum, Waagen. 

diadematum, Waagen. 
Periephinctes spirorbie, Neum. 

bracteatue, Neum. 

JktMtue, 0pp. 

paramorphuey Waagen. 

arcicoeta, Waagen. 

Eekmamni, 0pp. 
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Perispkinetes Pagri, Waa^i^en. 
pliraiUiSf Sow. 
ifirguloideg, Waagen. 
leiocymoH, Waagen« 

These few speciee can eeire merely by their general character as a gnide towards the 
determination of the age of the Kantkote beds, becanse the only species of which the 
geological position is well known in Europe, Per* plicatilis, indicates only generally strata 
of lower or middle Oxfordian age. The other forms of PerUpkineUf occurring at 
Kantkote resemble in general character such species as, if found in Europe, would be 
referred to the middle or upper Oxfordian. This and the appearance of the rock leads 
me to believe that the Kantkote beds are a little younger than the brown oolite, with which 
they have only a single species, 8t,fisMum, in common. A similar rock to that of Kuntkote 
occurs only at a certain distance north from Dhoea, where AMpidoceras ipkicerum, 0pp., 
has been found in a dark-red and a slightly sandy ferruginous rock. 

The last locality of importance which has furnished nearly the greatest number of 
spedmens of Ammonites, though the number of species is not veiy large, is the Katn>l 
range, the rocks there being represented chiefly by coarse ferruginous sandstones and sandy 
ferruginous concretions, with frequent occurrence of fossil wood. The speciea foand 
there are— 

(7). Ammonites of the coarse Jerruginaus sandstone, Katrol range: 

PhgUoceras ptgchoicum, Quenst. 
Haploeeras cf. tomephorum, Zitt. 
Oppelia traekgnota, 0pp. 

„ CutckensiSf Waagen. 
Peltoceras monacanihus, Waagen. 
Aspidooeras Wynnei, Waagen. 

n 2 sp. indet. 

Perispkinetes iorquatus. Sow. 

hathgplocuSf Waagen. 

Pottingeri, Sow. 

euplocus, Waagen. 

Katrolensis, Waagen. 

The first three species are European forms, and two of them, Phyll. ptychncum and 
MapL tomephorum, are very characteristic for the Tithonian formation of the Medi- 
terranean Jurassic prorince, whilst 0pp. trachgnota occurs in the middle and upper Kim- 
meridge and Tithonian layers of the Mediterranean and Central European provinces. 
Of the other species, only Pelt moneuxtntkus and Asp. Wynnei have a decidedly Titho- 
nian character, whilst among the Perispkinetes, the absence of the group of Per, polt/* 
ploeus also indicates very high Jurassic beds. It should also be mentioned that Mr. Fedden 
notes on the label accompanying the specimens of Asp, Wynnei and Hapl, cf. tomephorum-- 
" From the highest beds containing Ammcnites" 

Recapitulating briefly what I have said regarding a few of the principal localities con- 
taining Ammonites, it seems clear (1) that at different places there ar« strata of a different 
mineralogical character represented ; (2) that these strata contain species of Ammonitet 
mostly peculiar to themselves ; and (3) that these species indicate distinct geological horizonj. 

If we take only those species into consideration which occur in the Kutch, as well as in 
the European Jura, we find that in the golden oolite of Keera hill there are nine species of the 
'' xone of 8t macroeephalum ;" in the oolite of Dhosa and the equivalent beds then are three 
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species of the " zoneii of Peruph, anceps and Pelt, athleta ;'* in the brown oolite are three 
species of the " zone of Am. cordatus" and one of the " zone of St. macrocephalum." In 
the fermginous rock of Kuntkote there is one species common to the '' zones of Am. cor^ 
datuM and Pelt, transversarium ;" and, lastly, in the coarse sandstone of the Katrol range 
are two species of the Tithon*fonnation and one common to middle and upper Kimmer- 
idgian and Tithonian. 

If, therefore, the faunas have not in their development in India followed other laws 
than they did in Europe, we might arrange the deposits of the whole of the Eutch Jura in 
the following manner : 



Boeki. 



rooarM 
FerrnginoiM Mnditoiie< 

(.fine 



Oolite ... 



•• ••• •.« 






^^HV7* Muidjr limettone aad yellow 
■aDastone 



Looalitioi. 



Probable eqnlvalento In Borope. 



Katrol TBoge ... ... ... 

Kantkote ... ... ••• 

Lodai and Jooria 

A/llUW ■•• t»* •■• ••• 

Golden oolite — 

Keera hilL 

Ouddera (Ammonitea wanting) 



Tithonian and Upper Kimmeridgian.* 
Upper Oxfordlan. 
Lower Oxfordlan. 
Upper Kelloway. 
Lower Kellowaj. 

Bathonian. 



The most general division we could at present introduce into the Kutch Jurassic deposits 
is to separate them into two complex groups of sandstones, divided from each other by a 
Eone of oolites of comparatively small thickness. 

But there remains yet the great question, what is Mr. Wynne's " Upper Jura of Eutch" 
which contains the plants, of which several are considered as identical with those of the 
Bajmahal hills, for all the beds which I have previously noticed, and which appear to 
represent the Jurassic deposits of Europe from the Bathonian upwards to the Tithonian, 
compose only the '^ Lower Jura" of Mr. Wynne's divisions, based on the physical relations 
of the beds. To answer this question satisfactorily in the present stage of our knowledge 
is impossible ; we must be content to wait the result of further research into the fossils to 
be found in this interesting province. 



The Baious aitd Hbkoib (Ganof6b) Coal-field, by V. Ball, Oeological Survey 

qf India. 

The coal-field thus denominated has hitherto been generally spoken of as the ' (^angpdr 
field.' The result of my examination having been to show that the grater portion of the 
area is contained in the district of Raigur and the remainder in the sub-zemindari of Gang- 
pur known as Hengir (or Hingir) — no portion of the coal-bearing rocks or their associates 
extending into Gangpfir proper — it seems undesirable to perpetuate a misnomer which is only 
calculated to mislead. 

Whether this area is entirely detached from the ITdfpdr field or not I am at present 
nnable definitely to affirm. My impression is, that a connection does exist towards the north- 



^ * "^ Lower Kimmeridgian la only repnaeatcd bj a aingle fcpedee, Asp. ipkieerum, fram N. of Dhoaa oat of a 
dark«red fine aandj ferraginona rock. 
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j^ongfat forvftrd 
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9. Blue thole concretionary 

10. Cerb. ehale paofing into oooly ehola 

11. Bine concretionary ihale 
U. Carb. ehole with flaky eosl 
IS. Bloe concretionary ohale ... ... 

14. Corb. iholee 

15. Flaky cool 

16. Blae conoretionary ihalee ... — ... 

17. Carb. ehales, portione coaly ... 
Some decompofed 
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82. Oarb. shalea 
88. Same as 81 ... ... ... ... • ... 

84. Bine ooneretiooaiy ahale. Dip south ^ (oomsr of bend) 

86. Impure coal mnch mixed with red oxide of iron and passing into 

flaky coal and curb, shales ... 

86. Goncretlonaiy shale 

87. Flaky coal with iron 

88. Carbonoceons shale 
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40. Carb. shale and coaly shalo ... 
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43. Flaky eoal with corb. shale ... ... 
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45. Flaky eoal with carb. shale ... 

46. Bine concretionary shale 

47. Coal permeated with iron 

48. Flaky 0oa/, about ... 
«. OoncretioDarT bine shola ... ... ... 

50. Carbonaceous shale and flaky soot ... ..* 1' #* to 

51. Massive sandstones irregularly interpolated and thinning out 

to south ... ... ... ... ... 

58. Garbonaceous shales 

58. Coaly shale containing much iron and alternating with cariiw 
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This seam ib also seen in the streamB west of the Tillage of Sardega, but not so dearly 
aa in the Baisandar. 

Below No. 1 of the aboye seam there are some Bar4kar grits, and underneath them 
some arkose beds, which plaster over granitic gneiss, showing a most distinoUj natural 
boundary. 

There are no traces o^ coal or other sedimentary rocks brought down from further north 
by the Baisandar. This, though not a proq/* that none such eziBt, may be taken as collateral 
eyidence in favor of the view — also supported by the physical characters as represented on 
the map — that uncovered gneiss continues up to the plateau and is connected with the 
main gneiss of Eastern Udipdr, Ac. 

In the bed of the Jhi^jia river westwards, the large seam becomes much broken up by 
interpolations of sandstones and shales, and with the dying out of the more coaly bands the 
change is so complete that it is impossible to recognise it or trace any portion of it through 
successive reaches. Between Batansarai and Ghogarpali there are several seaips or repetitions 
of a seam, but none contain coal of useful quality and thickness. As above mentioned, the 
upper sandstones appear on either bank, and in one place occupy the bed of the stream 
itselE South of Ghogarpali there is a seam containing about 30 feet of shale to one of coaL 
Above the village it is seen again, a portion having been burnt : in the unbumt part there is 
a band of 8 inches of very good coal and several thinner layers. About 25 feet in all of this 
seam is exposed at this second locality. 

Between this and Bograkachar there are frequent outcrops of carbonaceous shale with coaly 
layers belonging to several distinct seams. Close to Bograkachar there is a seam of similar 
character with a slight indication of a dip to east south-east. The contained coal is in very 
thin layers. How far these rocks may extend northwards up the bed of the river I had not 
time to ascertain, but from the^^ebbles I think it probable that the gneiss cannot be very 
fiir distant. 

This little area of carbonaceous rocks which occupies the beds of the Baisandar and 
Jhajia rivers may be best understood by regarding it as a vast seam of some 600 feet 
of coaly and carbonaceous shale with irregular partings and interpolations of sandstones. 
Occasional thin bands of good coal occur, but they are rare, and the prevailing components 
of the seam are blue and black carbonaceous shales. 

The prominence and abundance of the outcrops are such that no one could possibly avoid 
noticing the coaly looking beds which are particularly well exposed in the vicinity of the road 
crossing at Tikripara. 

As to the extension of these seams southwards underneath the upper sandstones 
nothing certcdn is at present known, and should it be found that the latter rest immediately 
on the T&lchirs of the south boundary, then it will be impossible to solve this question 
without having recourse to boring^. 

The centre part of this field is traversed by two principal streams, the Koldiga and the 
Kelo, with a number wof smaller tributaries. The high ground between these is probably for 
the most part occupied by outlying patches of the upper sandstones, while in the river beds 
Barftkar rocks are exposed. 

Kelo Section, — In the river section between Jhargaon and Hokra there are several 
outcrops of seams consisting of carbonaceous shale. Only one, that near Tiptipa, contains 
coal* but even there it is in too small quantity to be of any use. At Hokra there is a 
10 foot seam of concretionary shale, no coal — dip 4^ to 36^ east of south. 

Beyond the Gari Gh4t there is a 2 foot seam of concretionary shale and coal— dip 7^ south. 
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In the Bendia (near the raouth), which joins the Kelo at Gari, there is a oonsidenble 
seam. 

A$etndim9-~2Hp irrtgulair, $omik-wut 6°. 

Ft. In. 
1. Carb. tluUefl, bedding irreffolar, with gome lUght eoalj Uyera 

toward! baae ... .•• ... ... "> 4-^ 

3. Coal, portions flmky, but for the most put bomable, mach wea- 

tliereQ ... •*. ... ••• ••• •.. ' ' v 

3. Parting, ferraginoot eandttonee ... .~ ... 6 

4. Flaky co^l with carb. ahale exoesiiTely weathered and deoom. 
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I think it possible that some good coal might be extracted from this seam. In its present 
decomposed condition even, it b easy to see from the manner of weathering that good or fair 
coal exists. The thicknesses given above do not hold for all parts of the seam. In this 
same stream (Bendia) higher up a rolling seam of carbonaceous shale with a few inches 
of coal continues on both sides for about half a mile. 

Between this and the village of Komkel there are three seams consisting of blue shales, 
the most southern of which contains some layers of good coal 6 inches thick. 

Returning to the Kelo section. At the top of the next reach beyond the mouth of the 
Bendia there is a seam containing 12 — 15 feet of blue and black shales with coaly layers — dip 
4* to 30*, south of west. 

In the next mile and a half four or five seams are met with ; they are apparently repeti- 
tions of those above alluded to in the Bendia ; none of them contain any useful quantity of 
coal. 

At Milupara there is a change in the dip to more or less north of west, and two or three 
seams are exposed with intervaLs covered. Sandstones are the only rocks seen up to Khan, 
but near the village there are some greenish fine sandstones which I at first thought might be 
T&lchirs, but they appear to overlie the carbonaceous shale. Near Khara there were still 
fragments of coal in the stream, which showed that the northern limit of the Barakars had 
not been reached. There were also, however, a quantity of gneiss fragments which had 
not the appearance of having travelled any great distance. The hiUs formed of the upper 
sandstones impinge close on the banks of the river in this neighbourhood. 

Koldiga Section. — In the Koldiga below Mahuhd there are rolling carbonaceous shales 
with ironstones and flaggy beds, but I did not see any coal. The whole aspect of these rocks 
reminded me more of the " carbonaceous shale and ironstone group** than of any other rocks 
of the Damuda series which I have elsewhere met with. I am not, however, prepared to say 
at present whether they are susceptible of separation from the Bar4kar group. 

Between the Samkera and Parega and Samkera and Oasbahari road gh&ts the flag« 
accompanying the carbonaceous shales present a very peculiar appearance, being of green buff 
and grey colors, sometimes resembling T&lchfrs, but always closely connected with the 
carbonaceous shales. 

East of this the section consists principally of carbonaceous shales up to Dumartofi, 
where the stream frdls from the higher ground occupied by the upper sandstones. 

Much remains in this area to be done in the detailed separation of the BarAkarsfrom these 
upper rocks. Except where there are marked physical features, owing to the shghtness of the 
contrast in lithological characters, it is extremely difficult to draw a satisfiictory boundaiy. 

West from the Kelo the coal-bearing rocks are found for a distance of 13 miles. 
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In the Fijti river there are some fragments of coal brought from some seam or seams 
north of the high road, hut none are exposed in its immediate vicinity. 

In the Dighi stream at Deogurh there is a seam of bine and black carbonaoeons shales with 
5 inches of coal at the top. No better seam is exposed in the river for a mile to the south. 

In the Hurinara stream there are sandstones and some traces of coaly and carbonaceoos 
shales. Between the valleys of Simra and Charatanga there are some ferruginous sandstones^ 
possibly Bar4kar8. Between Charatanga and the Kurket river there aire Bar4kar sandstones, 
and the same are better seen in the bed of the river itself. The section examined in both 
directions tforth and south for about half a mile showed no signs of coal in aUu, but fragments 
occur in the bed of the stream. 

The boundary of these rocks must cross the Kurket about midway between the villages 
of B4bo and B4^apa.* 

B4gchapa itself is on gneiss, and about a mile to the south the boundary of the Vindhyans 
is marked by a low range of hills. 

Upfeb Sandstones. 

The manner in which, especially in the eastern portion of this field, the coal-bearing rocks 
have been covered by the upper sandstones has been already alluded to. The principal area 
of these rocks exists south of the strip of Barakars which are exposed at the drainage level 
by the rivers and streams. How far it extends southwards is not known, and the important 
economic question as to the extension of the coal measures underneath has still to be deter- 
mined. If it be found that the Bar4kars crop out from beneath them and rest on 
the SumbulpiSr Talchirs described by Mr. Medlicott, then the question will be solved, but if, as 
is possible, and in some degree probable, the upper sandstones lap over on to the T&lchfrs 
without any appearance of Bardkars intervening, then the extension of the latter can only be 
ascertained by borings. 

North of the Barakar sections the upper sandstones form large hills, sometimes resting on 
the former and sometimes resting immediately on the gneiss, as is particularly well seen in the 
valley north of Jhanjgir. The lithological characters of these rocks are very much the same 
as they were in the northern fields — highly ferruginous sandstones and grits, and red brown 
and ochreous clays sometimes with fragments of plants. The bedding is for the most part 
horizontal, and apparently does not partake of the rolling which characterises the underlying 
Barakars. 



DbSCBIPTION op THB sandstones in the NBIOHBOITBHOOD op the FIB6T BABBIEB ON 
THE GodXvAbI, and IN THE COUNTBT BETWEEN THE OoDivAfii AND ElLOBB, by 

WiLLlAK T. Blanfobd, F. G. S., Deputy Superintendent, Geological Survey, 

A brief notice of the great sandstone tract in the valley of the GodiLvarf and its tributaries 
has already been given in the Records of the Geological Survey of India for 1871, pages 49 — 52. 
The following pages furnish a somewhat more detailed account of the south-eastern portion 
of this area, extending from the junction of the Til with the God&vari to the alluvium of 
Telaur (Ellore) and R4jamahendri. 

The only portion of the country which* has been closely examined is the area occupied 
by the Damdda rocks, which are seen in the (}od&vari just below the junction of the T&l, 
and again about 30 miles lower down the river near the village of Deorpali and Granara on 
the left bank, and of Amrav&nuSi, Damarcherla, and Madav&ram on the right. The remainder 



* Ai I bad DO map whaterer of tbii eoantiy, I did not Attempt any datalled auunination. 
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of the Mnditone tract, oonsutiiig principally of Kimthi beds, hM beeo more cunorily 
■urvejed. T&lchCiB occur in eeveral small patches, mostly isolated, in the immediate ndghbonr- 
hood of the river. 

The description commences at the northern extremity of the area, at the confluence of the 
T&l and Ood^varf. The various rocks seen on the banks of the latter river between the 
T&l and Bhadr&chalam are noticed in succession, then the sandstones aroimd Ganara and 
Ueorpali north of the God4vari ; and the remainder of the paper is composed of notes on the 
sandstone tract extending from M&dav4ram and Paldnchd on the north to the coast allaviom 
on the south, commencing at the north-east comer near M4davaram. 

The country has hitherto attracted but little attention from Indian Geologists : a portion 
of it is briefly described in Dr. Yoysey's Second Report on the geology of Hydrabad* 
and in the extracts from his private journals ;t and the sandstones on the river banks are 
noticed by Mr. Wall in his " Report on a reputed coal formation at Kota.^ But none of 
these papers do much more than to mention the existence of sandstone or other rocks in 
particular spots. 

It may be as well briefly to mention the features of the Godivari valley above the 
mouth of the T&l. From Sironchi the river runs through sandstones as &r as the commence- 
ment of the second barrier just above the confluence of the Indraoti river with the Godivari. 
Here it enters metamorphics, the sandstones (TCamthf, &c.,) occupying the country to the 
south-west. At the bottom of the barrier, after traversing a band of Vindhyan quartzites, 
the river enters the plant-bearing sandstones, and they are the only rocks seen upon its banks 
from this point to the mouth of the T&l, but at a short distance inland from the left bank 
a high range of Vindhyan quartzite runs parallel with the river, and terminates, a few miles 
before reaching the Tal, not &r from the large village of Charla, whilst the quartzites and 
their associates extend as far as the Tal, and re-appear south of it On the right bank of the 
river the sandstones stretch for a considerable distance, much fiuiiier than on the left. 

All the country between Charla and the Godivari appears to be alluvial ; no rodt is seen 
in the river bank for a long distance above the mouth of the T&l. 

On the rood from Charla to Tiagra (Tengra) Takhirs are seen about a mOe from the TIL 

Some more are met with in the jungle to the east- 
ward ; but between the road and the Godavari none 
were detected. At Charia itself, nothing could be seen on the surfiice, and the hills to the east- 
ward are of Yindhyan sandstone, but blocks of unmistakeable KimthCs have been dug out 
from the north side of the village to repair the tank. There can, I think, be but little doubt 
that these are in phioe, and, if so, both Damddas and Takhirs, which appear to the south- 
ward, must here be overlapped. 

In the branch of the Godavaii east of the island (char or lanka) above the mouth of the 

T&l one solitary block of coarse conglomerate is seen. 
Boekt BMT nottth of Til jost abore LiiifiU. Precisely similar rocks come in, dipping at about 17* 

to the west at the spot where the T&l joins the 
God&varl At this place fragments of coal have been picked up, but despite much search, 
borings through the sand, Ac, their source had not been discovered until after I had left 
the country.§ Three hundred or 400 yards above its mouth, T&khirs appear in the T&l, dipping 



• J. A. SL, B, 1833, YoL II, p. 
t Id. 1850. ToL XIX. pp. »7-a88 mm SSa^B. 
t Mad. Joor. Ut.ttidScL.1857,roLXYUI.p. 381 
§ SfaiM I Ml th« QodiTwI. Mr. TansteTeni hM eat into a null msb of eoal vndcr tk« lodn on the aoith 
rido of tho Til at ita moath. It it about a foot thick and TC17 ihaly This ia iVinMhM the aovta of the coil 
f ouMi at thia ipot 
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at a high angle to the westward, and the same rocks recur at intervals for about three miles ; 
then limestone belonging to the Yindhyans makes its appearance. This limestone has been 
employed in the anient and locks at the first barrier. 

Above Tiagra the Talchfrs seem not to extend &r east of the bed of the T&l, metamorphics 
appearing near the stream on the right bank. On the left bank a hill of Yindhjan sand- 
stone appears just above Eeshdpdr. The range of hills east of Tiagra, extending to Halveru, 
are of Yindhjan quartzite, east of which metamorphics occur. To the west of them Talchfrs 
are seen near Tiagra, but to the southward all is alluvium between the road to Dumagudem 
and the river. 

Along the (left) banks of the God&varf below the mouth of the T&l, reefis of typical 

Damuda sandstone, more or less conglomeratic, run 
Bocks on banks of Oodirsrf nesr Ling^UA. parallel with the bank to some distance south of 

langdla. The dip is west, and west by south, — at 
Ling&l& W. 30**--4O*' 8.,— with an inclination of 17** to 20**. These beds abound in Yindhyan 
pebbles and detritus, by which they are coloured quite red in some places. Small seams of 
coal have been foimd amongst them by Mr. Yanstavem in two or three places, but none 
exceeded 2 feet in thickness, and they can be traced a short distance only. Beefs of similar 
rocks occur in the river at a distance from shore, and beneath one of them a seam 5 leet thick 
was found by Mr. Tanstavem. 

At Omadh4ram, below Ling41&, the river bank falls back to the eastwaid, and the strike 
of the rocks turns to the south, and then south-west, crossing the river. Beneath the lowest 
reef of Damuda conglomerate seen is some fine sandstone, probably belonging to the T&lchirs. 
Below this no rocks are seen on the left bank of the river for more than three miles. About two 
and a half miles above PamasdlA metamorphics appear, and continue as far as Dumagddem. 

Above the spot, at a village called Tarkala Singaram (Byechelgoodium on one map) where 

the Damudas appear on the right bank opposite Lin- 
^^Jtocks south.west of the QodATsri nesr ^y^ ^^i^ ^^^^^ ^j^^ ^^^^^ ^^ ^^^ ^ ^^ .^ 

the river bank as fiur as Biaiam, a distance of eight or 
nine miles, and the country near the river bank consists of alluvium. Further inland rock crops 
out here and there, but much of the surfiice is covered with sand or sandy clay. On the 
road firom Managdr to Mangampet coarse felspathic sandstone is seen in two or three 
places. There is a hill of conglomerate dipping westward, south-west of the village of 
Bom&nj&, and coarse sandstone and conglomerate is seen near Py4ran Tank. The hills west 
of Managdr consist of similar beds, white and brown in colour. The sandstone has the same 
loose pseudo-vesicular texture which is seen in some of the K4mthf beds, and in one 
spot hardened clay is intermixed with the rock as at Sironch&. The dip is low to the 
west or west by north. 

Bock is exposed here and there throughout the thick jungle with which all the coun- 
try is covered, except in the immediate neighbourhood of the river bank. Some small pits 
were made and borings put down near Singaram, and sandy shale and days, white, pale 
buff, pink and brown, were met with, some of those cut into in the pits containing Olossop' 
ieris. The beds seen at Singaram must be a continuation of the Damiidas seen at T^in g J^ l ^, 

but it is impossible to say how much, if any, of the 
Rocks near Singaram. coaise sandstones and conglomerates seen west of 

Managdr should be ascribed to this group. Judging 
fitom the other rocks found to the south-east, a large proportion of these beds aro probably 
Kamthf, and then is eveiy appearance of the Damudas being overlapped by the 'Kkm^hi^ 
near Managdr, as they are in all probability at Charla. 
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The beds aeen in the river bank at Singaratn are brown and white sandstones, erideatlv 

Damddas, and the prolongation of the rockB seen at 
8ln^£ *^ '***** ^^ ""' ^^^^ ^^^ Ling4lA. Their dip varies, being nstuJly W. \(f to 

20"* N., and about 20°, bat it ranges firom 10" to 30^ 
and is difficult to make out exactly. Down the river, Talchirs come in about half a mile or 
rather less below Singaram and 200 yards west of the village of Yegtiradigddem, and dip north- 
west about 12". They are thence seen in the river bank at intervals for about three and a half 
miles, as far as a little village called Raigudem. Here the last outcrop of T&lchfrs occurs at a 
small jutting point ; metamorphics appear about 200 yards further down the river, near the 
houses of the village. A hill not more than 100 yards from the river bank is of Yindhyan 
quartzite, but in the river itself only metamorphics are met with. The dip of the T&lch]^ is 
somewhat irregular, but chiefly to the north-west, and a considerable area must be exposed. 

The country west of the river from this to Bhadr&chalam was only very cursorily examined. 

The great ridge of Batangota running north-east 
^^Cwmtiy west of OodAvaH near DtfrnagA- ^ gouth-west is of Vindhyan quartrite ; it is isolated, 

being bordered by metamorphics on the south-east, 
and partly on the north also ; whfle to the west and south-west T41chirs occur, and a belt of 
them extend from its southern extremity to the GodiLvarf at Dumagudem, the village of Mita- 
gildem resting upon these beds; Yindhyans re-appear in the hills south and south-east of 
Mitagddem ; they form the hill about a mile west of the God4vari opposite Ddma^dem, and 
extend south as far as Gbndigddem, and thence for an unknown distance to the westward. 
They are much hardened, and the softer beds are rather schistose. The southern boundary of 
the pknt-bearing series runs from Batangota hiU westwards through Bdga, where there is a 
hot-spring ; all Damudas and T^lohirs disappearing and massive K4mthis abutting against the 
Yindhyans. Prom near Buga the boundaiT^ runs south-west through a very wild jungle, 
metamorphics replace the Yindhyans, the latter not being found to the southward so &r as the 
rtxsks were examined, whilst the area of the plant-bearing sandstones extends for an unknown 
distance to the west towards Fukhal. 

The anicut of the first barrier opposite Dumagtidem is on metamorphics, but just below 

T&lchfrs come in, apparently continuous with the 
Rook I In Go<UTarf near IMmar&dem. larger area to the westward. They occupy the river 

bed for rather more than a mile, and are seen on both 
hanks, but do not appear to extend to the eastward. They are quite characteristic, mudstones 
and due aandMtones ; the dip is variable. Just below Am^garpali some coarse gritty hard 
aandMUme is exposed, dipping north-west ; it is unusually coarse for T&lchfrs, being even con- 
glomeratio. 

The map west of the river is very inaccurate, and the two banks by no means coincide. 

Just below the anicut, the right bank is marked too 
haeamej of map. far south or down the river by 200 yards, whilst a 

mile farther down points on the right bank are a 
quarter of a mile fiuther north than those which are really opposite to them on the left bank. 

A small exposure of T&lchirs is seen on the right bank of the river at Sinter&l, two miles 
or rather more below Ddmagddem ; another on the opposite bank (perhaps part of the same) 

just below. The latter extends for about a mile eai^ 
Ttiebira sonth of iHimagudem. of the river. Talchirs again occur on the left hank 

just above D4utheram point, which is of granitoid 
metamorphics, and a mile and a half below they are seen for a mile along the left bank, not 
extending across to the right They, however, stretch inland, to the eastward for about six 
miles. 
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The lowest beds seen on the river bank west of Narsdpdr are compact fine grained sand- 
stone dipping north-east and resting with psendo confonnity, as not unfirequently happens, on 
the metamorphics. South of Narsapdr, and a little east of the river bank, close to a small nala, 
this fine sandstone has been quarried to some extent for the navigation works at Dumagudem. 
It cuts well, but has been found to have a great tendency to split and crumble after exposure. 

East of Narsapdr the ordinary shales or mudstones prevail. Boulders, some of them 
of great size, abound on the road from Narsapur to Bandalgudem. One must have been 
nearly 10 feet in diameter. The larger blocks are metamorphic, but smaller pieces are of 
Yindhyan sandstone and limestone. 

From T&rb4k4 near Narsap^r to Raigudem, on the right bank of the God&vari, close to 

the mouth of the P4mlUeru, four miles below Bha- 
MeUmorphics near Bhadrichalam. drachalam, only metamorphic rocks lure seen in the 

Godavari. In Malcolmson's Map* Deccan overljring 
trap is represented as occupying a considerable area on both sides of the river close to Bha- 

dr&chalam. I have not been able to trace the source 
Trap on Haloolxnaon'a Map. of MaJcohnson's information, but it must have been 

founded on the large quantity of homblendic gneiss 
occurring at Bhadr&chalam and in the neighbourhood. Some of this is so compact as to 
become mineralogically a greenstone^ 

The north or left bank of the Goddvari is composed of metamorphic rocks until close to 

the village of Deorpali, whilst the south or right 
Banks of Godivari below BhadrichaUm. bank consists of sandstone from Raigudem, the boun- 

dary between the two, which appears to be a fault, 
running along the channel of the river. The hot spring at Gundala, temperature 140°, is con- 
cealed beneath the sand of the river, and a small well is 
Hot spring of Onndala. annually made in the sand in order to reach it. This 

is done at a feast in the month of April. The 
position of the spring is apparently a little north of the boundary between the metamorphics 
and the sandstone, but as very few rocks are seen, the exact position of this boundary is 
uncertain. 

From Deorpali sandstones occur, wherever any rocks are exposed, on both banks of the 

river, with one exception, as far as N&ndigur on the 
auidstones below Deorpalt left bank, and a little below M4dav4ram on the right. 

The exception is on the latter for about a mile and a 
half above the village of Pol4ram, where metamorphics appear. Below MAdav4ram no 
sandstones are known to occur. 

The sandstones around Raigudem, Deorpali, M&dav&ram, &c., are part of the great area 
extending southwards to the neighbourhood of EUore and R&j4mahendri, which has been 
briefly described in the Records of the Geological Survey for 1871, p. 49. A full detaQ of 
the boring operations is given in the same volume of the Records, p p. 69-66. 

In proceeding to describe the geological features of the sandstone area extending from 

Rugddem, Deorpali, and M4dav4iiim on the north 
Arrangement of notes on the sandstone ^ ^^ alluvium of Ellore, it will be most convenient 

first to give such notes as have been made on the 
small tract north of the river near Deorpali, next those on the isolated area to the south 
around M4dav4ram, and finally a brief account of the large extent of sandstone extending to 
the southward from Raigudem and Paldncha. 

• Qeol. Trans., Ser. 2, Vol. V, pi. XLVII. 
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In tlie myJI ■mlilnnf am exten£ii^ ilong the north or left hank of Godivaai firam 

DeorpaK to Nandigdr bat little rock is ezpesed, 
i«t«k «f Qiiii^ Mv AmqiK. eseept in the hills near the first named village, ihe 

greater part of the ground being thickly covered with 
rtw »Il«vi«B. TW saaiitMas eiiii inland from one to two miles from the river bank, and 

consist principally of Damddas, T41chir» being seen 
iMfchn— aaet mm D^bibL ai or outside of the northern boundazy in two places, 

whilst the rocks forming the Deorpalf hills aif 
on?c«I>iT jc ^*'"«^' Jice. It m p-iffiM* that this tract and the corresponding one soatli 
.'C* thtf T*v><r jrvmid ^fioATanm are jSraHcd in places, as some of the few dips seen are 



Thtf -ftact -xwonRi g£ tiw sasteim hosBdaiy is, in great measure, nndetermined. The 
ir^ ^«v«> .•^I'Mw^ 4i« in :h« Xaaii Tago* near Nandigdr. In this, for abont half a mile from 
'^nf >MVJiv<ut. iiw ^-duw !k*ispaBhic nndstooe is seen in phuses, dipping at a considerable 
«oi£t« "u itfi'-a *gj< "i^ wimC thaft h» in the direction of the boundary. Metamorphics 
IK* IT *u i2« fMcra^ but aoc in ^ut immediate n^hbonrhood of the stream. The last 
^«ii«w^i nv ^vA -%» -iti ^Ainawwd in die stream bed has low but irregular dip. Above this no 
-«ii.< » ^««« x-T ^MR tasa a mHtt. b«l sandstones probably occur, because rolled pebbles of 
^•^^*^ ^-. «v jjonunnc wwc of the stream and south of the village of NiUagdnla. 
k n^^u r*.: A> t t"-'" ^mt inrwrinnT in the Nandi stream nearly due east of this village. 



>« sfc^*0&.(vatf vrnfetVTisr s Men in pl^ce between the Nandi stream and the Ganir, but 
-.. *a*f% fa.v >jcis .-^'n Jttt » tW HXth. Two boreholes put down north of the village of 
,^^^^ :*.tf*^ vuir<s»nii» ae depth* of 34 and 22 feet respectively, and it was found 

• I*. V » '•«* mKt suiicniT a d» first instance through 18 feet, and in the second through 
i4 «%* I v^** -awixi tnxi w»[vr. to pmetrate to the rock. In the Gan&r Vagd Damiidas are 
^«.i ti >««' >c n->« '*uik>» .*butt6 half to three quarters of a mile from the mouth, and ins 
^...i^ %* w H ',ui** v.viJ w^ discovered (see tCecords, 1871, pp. 61-62). Above this 
... *iw.v-M.>^ V^'*'^- ^^^ "^^^^^ further north T&lchfrs are met with, and extend north for 
».s.s»» % M.u .v^fc-iiUK ih^ viU»<w of MaUpdr and Ei8ht4ram. They are ahno8t,ifnot 
..!.%»>. ^(H^<«u\t 'r^tm the IXunUdas. metamorphics intervening not only in the stream, bat 

,K •»>» '< '^ >ki>>ic w th^ w««t the surface is much covered by alluvium. 

\^ . ^v ^*4 '^^c vUimmt fttr^mm sandstone is exposed in several places near the viOage of 

lHi|,. I v*^l ^'***^ ^ K^vrpeta* but the dip is obscure. Apparently it is to the south, 

\>i iu^it ^ul dv'wu sMuth of T&tpaH appear to indicate that it is vexy slight. But at 

^ ^'U «i 4 (•i'^^ \kX\\\iM% due south of Egerpeta and north-west of Gohigddem, sandstone 

vv »4 14 ji^K ^* ih^»M<»*'tK««i*t at OCX" proving the existence either of faulting or of great local 

y..\s^u %s b^\4u ihut i^W^v Uttk it* anything, is seen to the westward as &r as Goguleaka. 

hi k UN M » Uv.s» W K>iv»jvt^»i>ww T4Whfr shales were found, but none could be detected thence 

I,. tU \v*.H> w^^xl v^lJ ^^H^4^ hiUf a nuW east of Ghiitip&r, where they are exposed along the boun- 

l.^i V u k % 4^v'k^ vU«(*«tHS\ aii4 MV w^l seen in a small nal&, all in thick jungle. 

|iu K*Mh u^vAk lVHM|HJi vvikMist entirely of grit or conglomerate, and no shale is seen in the 

, u.ii » v^A.^^k ^ ^^*' **^*'**' ** appears most probable that the rocks belong to the Kimthi 

,v)i W K >^»> » *k t^'*^^« ^^* vvntiuuatioa of the boundary south of M£dav^b-am, runs up the 

UN '. , J kt.iii.^ vK^N*c v\^K* tVv»*tt those of Amravfaun, is doubtful. Even if such be the case; 

„ u« ^.x '» '' '-'^'^* ^^'*^^' ^^"^ ^^^ Kamthis, which here, as near Lingali, appear to be proved bj 

I, . )..!.., ik K» b\' v^vuiv u»K\vkktoruiaUe to the Damddas. 



* ».. **» 
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« \H„u, l\JtM4i« \^nt •ItiMkiMt «<|ulval«nt to Nadi in Hindastani. 
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The tract of sandstone on the right bank of the river opposite to that just described 

extends &om near Madav&ram to Polaram, or rather 
more than four miles from east to west. Where broad- 
est it is between two and three miles from north to south. The southern boundary is nearly 
straight, and although there is not, except in the south-east comer, much appearance of disturbance 
along it, it is difficult to believe that it is natural.' The dip throughout is to the westward, 
and usually rather high, being seldom less than 10**, frequently 15°, 20"*, or even 30**. Talchirs 
occur in the extreme south-east corner ; all the remaining area appears to be occupied by 
Damudas. 

The Talchfrs are only seen in a stream which runs into the God4vari near Raigoma ; they 
are the usual fine silty shales and sandstones, and are vertical, or dip at high angles to the 
west and north-west. They were not seen between the two hiUs just north of this spot^ the 
one of metamorphics, the other of Damiida grit and conglomerate. 

The whole eastern boundary of the rocks north of these two hills is concealed by 
alluvium in the river, which here runs north and south ; metamorphics are seen along the left 
bank. To the east of the alluvium is a low rise formed of conglomerate, extending north to 
the river east of M&davfiram and terminating on the south in the high hill just referred to, 
which lies west of the village of Kondapali. This hill has precipitous sides to the east and 
south, exposing a section of the conglomerates composing it. 

In the small stream which runs into the Goddvarf near Inj4ram, north of Kondapali, 
much conglomerate is seen, but no continuous section is exposed for any distance. Rocks 
are traced at intervals along the southern boundary of the field, and are usually conglomeratic. 
The hills near Polaram and a smaller rise south-east of it are of the same kind of rock. This 
of course is in favour of the southern boundary being natural, but it should be remembered 
that the conglomerates being harder, are more likely to be exposed than the softer rocks 
whicl^ may intervene between them. There is much lime along the southern boundary near 
the villages of Palchalkar and Gangdram, some compact limestone occurring north of the 
last named village, but it is apparently a superficial accumulation. 

Throughout this sandstone tract, as a general rule, very little rock \& seen ; usually 
when any appears above the surface, as west of the tank south of Shirdveli, it is grit or 
conglomerate. But a tolerable, though by no means continuous, section is exposed in the 
bank of the Godavari. Here also the eastern boundary is not ^een, metamorphics are met 
with about half way across the river bed (here about a mile broad) opposite the village of 
Murmur, and at the salient angle of the river bank below Madavaram there is horizontal 
conglomerate and grit, being the same beds as those forming the rise which bounds the sand- 
stone tract on the east. The conglomeratic character appears to diminish rapidly to the 
westward, in which direction the beds for a short distance dip east, exposing about 100 feet 
of rocks, sandstone grit, and some argfillaceous beds. The dip then changes to the westward 
just at the mouth of a small nald, and grey or pale brown sandstone with occasional bands 
of grit or shale, all of typical Damuda characters, dip at a high and rapidly increasing 
angle to the westward. At the anticlinal opposite the mouth of the little nal4, a borehole was 
made to a depth of 193 feet 6 inches in order to prove rocks lower than any exposed on the 
section. It went through alternations of brown and white sandstones, with thick beds of 
dark shale containing two or three small and useless seams of coal, none of them exceeding 
8 inches in thickness (see Records, 1871, p. 61). 

At M&dav&ram there is some crushing and, possibly, faulting, the sandstone being cut up 
by calcareous veins. A high dip, varying from 20^ to 40^ continues along the river bank as 
far as Shiruveli, the beds being coarse or fine sandstones of varying hardness with occasional 
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shales. Near Shiniveli the dip becomes lower. In some clays juet east of the rilla^ 
Glossopteris, PecopterU, Vertebraria, and Ca la mites occur. 

Thence to Damarcherla the dip is moderate, about 6° to 10**, and the rocks faiiiy seen on 
the whole. They are much the same as to the eastward, fine felspathic sandstone and fine 
clays predominating, with occasional hard massive bands of fine brown sandstone. At 
Damarcherla there is a little conglomerate and some hard ferruginous bands like those in the 

Kamthis. 

About half a rnile^ or rather less, west of Damarcherla, the beds roll up sharply, and there 
may be a fault here. They soon roll over again and consist of coarse felspathic sandstones, 
generally pink coloured or ferruginous, and conglomerates, but associated with hard compact 
grey felspathic sandstones. These rocks continue to beyond Polaram, metamorpbics appearing 
at the mouth of the stream west of the village. 

A small rising gpround in the metamorphics south of Polaram contains lai^e quantities 

« of magnetic iron ore in laminse with quartz. The 

Magnetic iron ore new Poliram. ^^ j^^ evidently been largely dug from this spot 

Iron manufwtttfe. ^^^ ^"^^ ^gg^g» aw scattered over tlie ground. 

The iron ore shows very distinct polarity in its action 
on the needle. In a small village near this I found women making iron in a little furnace 
barely 2 feet high — a miniature of the TalchCr furnace— worked by small foot bellows ahout 
1 foot in diameter. The furnace inside is only 6 inches in diameter at the base, 3 inches at 
the top. It is said by the people that two pieces of iron, each weighing 1 J seer and valued 
at 4 annas, are made in a day.* 

Sandstone again comes in on the right bank of the river close to the abandoned village 

site of Pundigul. The actual junction of the two 
^Sandstones near Pdndigikl and ^mrarA. ^^^ j^ ^^ concealed, but there can be little doubt 

of the boundary being natural. It runs to the south- 
ward into dense jungle, where its position is difficult to ascertain correctly on so imperfect 
a map ; the rocks being very poorly seen. 

In the right bank of the Godavari, from just above the base at Pundigul to the villsgp 

of Amravaram, a good section is exposed in which 
Sandstones near AmraTiram. ^^ry few breaks occur. The general dip is west, 

varying in amount from about 7** to 12°. Towards 
the base yellowish-brown sandstone prevails, coarse and felspathic. Above this, to the 
north of the hill, there is much conglomerate, and thence to Amravaram sandstone agab. 
No clay or shale is seen, much less coal, but some coarse impure ironstone occurs. 

About the middle of the villagef the section ends, and only scattered outcrops, concealed 
beneath the river except in the driest season, occur in the bank of the river above. Just 
above the mouth of the stream, which enters the river above the village, fragments of coal 
occur on the river's bank just below a conspicuous clump of green bushes ; some sandstone 
occurs in the bushes, and a boring might be put down through it. Above this, again, but one 
small outcrop of rock is seen, nearly in front of Thondip^li, as far as Giimpanapali juat below 
llagudem. Even near Mondip4k (nearly opposite Gagiibak^) only a few blocks of coarse sand- 
stone are exposed. Near the river bank the country is an alluvial flat, and farther inland 
a sandy rise covered with thick jungle, amongst which a few scattered blocks of coarse 
sandstone and conglomerate may occasionally be seen. 



• The people were of Lobar caste, i. e., low caste Hindus. The Kois, who are Kolarians (thongh called Oondi 
by the Mussaliiians of the country), are said to make iron with foot bellows in a hole in the ground without an; 
fumaoe at all. 

t Thitf is pl:i;:ed top far ciMt ou the inap, which ia Yery inaccurate aboat l^era. 
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The iial4 which runs into the Godavari, east of Amravaram, exposes no rock for some 
distance from its mouth, and no good section is anywhere seen in it. 8ofb felspathic sand- 
stones and, towards the base, conglomerates are met with in it here and there. Even less 
rock is seen in the large Machimangli nala which runs past Kometlagddem. Sandstone only 
appears in this in the form of a few blocks, exposed just below the junction of the two princi- 
pal streams which unite to form it. The more westwardly of the two joining streams, how- 
ever, only traverses metamorphics for a very short distance : above this Talchirs are exposed, 
although there are none in the main stream a few hundred yards distant, where the meta- 
morphics and Damudas are seen within a few yards of each other. After about one quaa-ter of a 
mile of Talchirs, Damudas or Kamthis (they are undistinguishable here) again come in dipping 
west south-west. There is a considerable quantity of coarse felspathic sandstone of various 
colours, mostly brown, or irregularly streaked, and hard ferruginous bands occur at intervals ; 
occasionally clay is foimd in the sandstone. Conglomerate is not prevalent, but it is met 
here and there. 

There is absolutely nothing about these beds by which they can be distinguished from 
Damudas, but there can be but little doubt that the greater portion, if not all, belong to the 
Samthfs. From the general dip they must have overlapped the Amraviram beds. They 
appear softer than the rocks seen in the river's bank near Amravaram and Madavdnun, 
but thiii is not an important distinction. 

The hills near Kometlagudem are of open textured felspathic sandstone, usually white or 
pale brown in colour, with hard ferruginous bands. The sandstones on the hills in this 
neighbourhood have generally this somewhat open texture, which is not usually seen in 
ravine sections, and may be due to the washing out of the decomposed felspar from between 
the grains of quartz. The character of the sandstone is that of the Eamthi beds, but no 
typical Kamthf rocks occur, neither vitreous sandstone, nor the red and yellow compact shale, 
nor the fine micaceous variegated sandstone. 

From these hills, others formed of similar sandstone stretch away to the southward, 

bordered to the eajst in the valley of the Machimangli stream by metamorphics, no Talchirs 

intervening. 

(To be continued). 
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An account of the organization and progress of the Museum of Comparative Zoology at 
Harvard Collie, in Cambridge, Mass, (1871,) 8vo., Cambridge. 

DiSBCTOB OF THB MuSEUM. 

Bjlbbut, James. — The Genera Yermium exemplified by various specimens of the animals con- 
tained in the orders of the Intestina and Mollusca Linnafi, (1783,) 
4to., London. 
„ „ The Genera Yermium of linnceus exemplified by several of the rarest and 

most elegant subjects in the orders oftheTestacea, Lithophyta» and 
Zoophyta Animaha, (1788,) 4to., London. 

Babbande, Joachim. — On the Primordial Fauna and the Taconic System, with additional 

notes by J. Maroou, (I860,) 8vo., Boston. 
L. AoAssiz, DiB., Mu8. CoMF. ZooL., Habvabd Coll., Mass, 

Bastian, H. C— The modes of origin of Lowest Organisms, (1871,) 8vo., London. 
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Titles of Books, Doners. 

Billings, E. — Geological Suirey of Canada. New species of Lower Silarian Fossils, (1861- 

1862,) 8vo., Montreal. 
^ L. Agassiz, Dib., Mus. Comp. Zool., Hastabd Coll., Ma88. 

BoussiNOiULT, M. — Coquilles et echinodermes fossiles de Columbie, (Nouvelle-Grenade,) 

(1842,) 4to., Paris. 
Bosc, L. A. G. — Histoire Naturelle des Crustaces, Vols. I., II., (1803,) 12ma, Paris. 
Brandt, J. F. — Prodromus Descriptionis Animaliam ab H. Mertensio in Orbis terramm • 

circumnavigatione observatorom, Fasc. I., (1835,) 4to., PetiopolL 
Bekynius, J. P. — Dissertatio Physica de Polythalamiis, (1732,) 4to., Gedani. 
BuscH, Db. William. — Beobachtungen iiber Anatomie und Entwickelong einiger Wirbellosen 

Seethiere, (1851,) 4to., Berlin. 
Cailliaud, F. — Catalogue des Radiaires, des Ann^lides, des Cirrhipedes, et des Mollusqnes, 

Marins, Terrestres, et Fluviatiles recueilles dans le D^portemeDt 

de la Loire-Inferieure, (1865,) 8to., Nantes. 
„ „ Observations sur les Oursins Perforants de Bretagne, with supplement, 

(1866-1867,) 8vo., Paris. 
CoLDiNO, A. — Om Stromningsforholdene i almiudelige Ledninger og i Havet, (1870,) 4to., 

Copenhagen. 

Danish Acadbht. 
CoTTA, Bebnhabd VON. — Der Altai, (1871,) 8vo., Leipzig. 

„ „ „ Geologische Bilder, 6th edition, (1871,) 8vo., Leipzig. 

Cox, E. T. — First Annual Report of the Geological Survey of Indiana made during 1869, 

with three maps and colored section in case, (1869,) 8vo., 

Indianapolis. 

Habtabd Coll., Mass. 
CuMBEBLAND, Geobge. — Reliquiae Conservatae, (1826,) 8vo., Bristol. 
Dabwin, CHABLES.—The Descent of Man, 2 Vols. 1871--(1871,) 8vo., London. 
DuJABDiN, F., ET Hup]£, H. — Histoire Naturelle des Zoophytes Echinodermes, with folio 

pktes, (1862,) 8vo., Paris. 
DuvEBNOY, M. — M^moire sur I'Analogie de composition et sur quelques points de lorgani- 

sation des Echinodermes, (1848,) 4to. 
Elliot, Sib H. M.— The History of India, as told by its own Historians, Vol. IH., (1871,) 

8vo., London. 

GOTEBNKENT OF InDIA, HoHE DePABTHENT. 

Gaudby, Albebt. — Mcmoire sur les Pieces solides des Stellerides. Th^se' de Zoologie, (1852,) 

4to., Paris. 
Gemmallabo, Pbof. G. G. — Nerinee della ciaca dei D'intorni di Palermo — 4to., Palermo. 
Geological Survey of California. Palaeontology, Vol I., (1864,) II., (1869,) (1864—1869,) 4to., 

Philadelphia. 

L. Agassiz, Habvabd Coll., Mass. 

Gbaeffe, Eduabd.— Beobachtungen iiber Radiaten and Wiirmer in Nizza, (I860,) 4to., 

Zurich. •- 

Gbab, Albin. — Description des Oursins Fossiles du Departement de I'lsfere, (1848,) 8vo., 

Grenoble. 
Gbateloup, Db. — Essai sur la Distribution G^ographique, Orographique, et Statistique des 

Mollusques, Terrestres, et Fluviatiles Vivants du Departement de la 

Gironde, (1858-1859,) 8vo., Bordeaux. 
If M M(5moiTe de G^o-Zoologie sur les Oursins Fossiles Echinides, (1836,) 8vo., 

Bordeaux. 
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Titles of Books. ^ Donors, 

Gbatbloup, Db. — M^moire sur plusienrs esp^ces de coqailles nonvelles ou peu counues de 

moUusqnes, (1840,) 8vo., Bordeaux. 
Gbewinok, C. — Ueber Hoplocrinus dipentas und Baerocrinus Ung'^miy (1867,) 8vo., Dorpat. 
HiOENOW, Db. F. v. — Monographie der Riigen'schem Kreide-Yersteinerungen, II., Abtb. 

Radiarien und annulaten, (1840,) 8vo. 
Haueb, F. R. y. — ^Zur erinnerung an Wilhelm Haidinger, aus Jahrb. d. k. k., Geol. Reicb, 

(1871,) 8vo., Vienna. 

The Authob. 

Jabgeb, G. F. — De HolotburiiB Dissertatio Inauguralis, (1834,) 4to., Turici. 

Jackson, Chablbs T. — Report on tbe Geological and Mineralogical Survey of the Mineral 

Lands of the United States in the State of Michigan, under Act of 

Congress, 1847, (1849,) 8vo., Boston. 

L. AoASsiz, Habyabd Coll., Mass. 
Klipstbin, Db. A. t. — Beitrage zur Geologischen und Topographischen Kenntniss der 

ostlichen Alpen, Band II., Abtb. I., (1871,) 4to., Giessen. 
KowALEVSKY, Db. A. — ^Beitrage zur Entwickelungsgescbichte der Holothurien, (1867,) 4to., 

St. Petersbourg. 
Ebefft, Gbbabd. — Australian Vertebrata Fossil and Recent, (1871,) 8vo., Sydney. 

N. Tbubneb. 

EusTEL, G. — Roasting of gold and silver ores and the extraction of their respective metals 

without quicksilver, (1870,) 12mo., San Francisco. 
Lewes, G. H. — Sea Side Studies at llfracombe, Tenby, the SciUy Isles, and Jersey, (I860,) 

8vo., London. 
LiNCKii, J. H. — De SteUis Marinis Liber Singulxris, (1733,) folio, Lipsiae. 
LoBiOL, P. DE, ET CoTTEAU, G. — Monographic, Pal^ontologique, et G^ologique de I'^tage 

Portlandien du D^partement de I'Yonne, (1868,) 4to., Paris. 
LoBiOL, P. DE. BT Pellat, E. — Monographic, Pal^ontologique, et (j^ologique de I'^tage 

Portlandien des environs de Boulogne-sur-Mer., (1867,) 4to., 

Geneve. 
Mabcou, Jules. — American G^eology, — (1858,) 8vo., Zurich. 

L. Agassiz, Habyabd Coll., Mass. 

„ „ Letter to M. Joachim Barrande, on the Taoonic Rocks of Vermont and 

Canada — (1862,) Svo., Cambridge. 

L. Agassiz, Habyabd Coll., Mass. 

„ „ Notes on the Cretaceous and Carboniferous Rocks of Texas — (1861), 8vo. 

Boston. 

L. Agassiz, Habyabd Coll., Mass. 

„ „ Reply to the criticisms of James D. Dana, including Dana's two articles 

with a letter of Agassiz — (1869,) 8vo., Zurich. 

L. Agassiz, Habyabd Coll., Mass. 

Mabkha. ., Clements R. — A Memoir on the Indian Surveys — (1871), 8vo., London. 

The Authob. 
MiDDENDOBFF, Db. A. Th. YON. — Reise in den aussersten Norden und Osten Sibiriens, 

Band IL Zoologie. Thiel I— (1861,) 4to., St Petersburg. 
MiYABT, St. Gbobob. — On the Genesis of Species— (1871,) 8vo., London. 
MoBins, Db. K. — ^Neue Seesteme des Hamburger nnd Kieler Museums — (1869,) 4to, Hamburg. 
MouLLNs, CflABLES DBS.— -£tude8 sur les Echinides, Part I. (Etudes G^n^rales,)— (1835-37,) 

Svo., Bordeaux. 
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TUUm of Books, ^ Domorw, 

Naumann, 1)b. C. p. — Elemente der MinenJogie — (1871.) 8vo., Leipzig. 
Nicollet, S. N. — Report intended to illustrate a map of the hydrographical basin of the 

Upper Mississippi River, Januaiy 11th, 1846— (1845,) 8to., Wash- 
ington. 

L. AoASsiz, Habtabd Coll., Ma^s. 

Nova Scotia, Mines and Minerals— (1864,) fls. Halifax. 

L. AoABSiz, Habvasd Coll., Mass. 

Pacht, Raimund. — Dimerocrinites oligoptilus, Ein Beitrag zur Kenntniss der €rattniig 

Dimerocrinites -(1852,) 8vo., St. Peterabouig. 

Palmkb, C, Murbay, Capt. W. G., and Ball, V. — Report on the hill of Mahendragiri and 

the native port of Barwah, in the Qanjam District of the 

Madras Presidency, with pkotograpkg — (1870,) fls. Calcutta. 

C. Palmeb, m. d. 

Pbbby, Rev. J. B — .A discussion of sundry objections to Geology — (1870,) 8vo., Cambridge 

L. AoAssiz, Habvabd Coll.» Mass. 

„ „ Queries on the red sandstone of Vermont and its relations to other 

rocks— (1868,) 8vo., Boston. 

L. A0A88IZ, Habvabd Coll., Mass. 

Pktebs, W. C. H., Cabus, J. V., and Gebstaeceeb, C. E. A. — Handbuch der Zool<^e, 

Band II., (1863)— 8vo., Leipzig. 
QuEKETT, John. — Lectures on Histology, Vol. I, (1852) — II, (1854) (bound in ow) 

—(1862-54,) 8vo., London. 
Quenstedt, Pbof. — Schwabens Medusenhaupt. Ein Monographie der Snbangularen Pents- 

criniten, with large folio plates — (1868,) 8vo., Tubingen. 

„ „ Ueber Pentacrinites colligatus — (1856,) 8vo. 

Qtetelet. a. — Observations des Ph^nom^nes Periodiques pour 1869. M^m. I'Acad. Roy. 

de Belgique., Vol. XXXIX., 4to., Bruxelles. 

The AtrrHOE. 

Report of the Secretary of War, communicating information in relation to the Geology and 

Topography of California — (1850,) 8vo., Washington . 

L. A0A88IZ, Habvabd Coll., Miss. 

Reports of explorations and surveys to ascertain the most practicable and ecouomical ronte 

for a railroad from the Mississippi River to the Pacific Ocean, 

Vol. I, (1855)-XII, pts. I & II., (I860,)— (1865-60,) 4to., Wash- 

ington. 

L. AoAssiz, Habvabd Coll., Mass. 

Sandbeboer, Db. P. — Die Land, und Siisswasser, Conchylien der Vorwelt. Parts II, III, 

—(1870,) 4to., Wiesbaden. 

ScHOCH, Db. G.— Ein Tropfen Wasser— (1870,) 4to., Zurich. 

Natubal Histoey Society of Zubich. 

Selenea, Emil. — Beitrage zur anatomie und systematik der Holothurien — (1867,) 8vo., 

Leipzig. 

Shaleb, N. S. — Abstract of some remarks on the relations of the rocks in the vicinity of 

Boston.— (1869,) 8vo, Boston. 

„ On the nature of the movements involved in the changes of level rf show 

lines— (1868,) 8vo., Boston. 

„ On the parallel ridges of glacial drill in Eastern Massachusetts, (1870,) 

8vo., Boston. 

99 „ On the phosphate beds of South Carolina, — (1870,) 8vo., Boston. 

L. A0A86IZ, Habvabd Coll., Mass. 
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Titles of Books, Dovws, 

Stimfson, William. — Synopsis of the marine invertebrata of Grand Manan, Smithsonijiii 

Contrib. to knowledge— (1863,) 4to., Washington. 
Swallow, G. C. — The first and second Annual Reports of the Geological Survey of Missouri, 

— (1866,) 8vo., Jefferson City. 

L. Agassiz, Habvard Coll., Mass. 
Thomsbn, Julius. — Thermochemiske Undersogelser— (1870,) 4to., Copenhagen. 

Danish Academy. 
TiEDSMANN, Db. F. — ^Anatomie der Rohren-Holothurie des Pomeranz farbigen Seestems 

und Stein-Seeigels— (1816,) fol., Landshut. 
Tyndall, John. — Hours of exercise in the Alps — (1871,) 8vo., London. 

„ ., Fragments of science for unscientific people— (1871,) 8to., London. 

Whympee, Edward. — Scrambles amongst the Alps in the years 1860 — 1869— (1871,) 8vo., 

London. 
ZiTTEL, Carl. A. — Denkschrift auf Christ. Erich Hermann von Meyer, (1870,) 4to., Miinchen. 

The Academy. 

PERIODICALS. 

American Journal of Conchology, Vol. VI., pts. 3-4— (1870-71,) 8vo., Philadelphia. 
American Journal of Science and Arts, 3rd Series, Vol. I., Nos. 6-7,— (1871,) 8vo , New Haven. 
Annales des Mioes, 6th Ser.. Vol. XVII., Liv. 1-3— (1870,) 8vo., Paris. 

L'Administr. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. VII., Nos. 42-44 — (1871,) 8vo., 

London. 

Blochmann, H. — Bibliotheca Indica, New Series, No. 236. The A(n-i-Akbari, Fasc. XIII. 

—(1871,) 4to. Calcutta. 

60VERNMEN*r OF InDIA. 

Canadian Journal of Science, Literature, and History, New Series, Vol. XIII., No. 1, May, 

(1871,) 8yo., Toronto. 

Costa, O. G.— Fauna del Regno di Napoli, Fasc. 1—116- (1832-1870,) 4to., Napoli. 

„ „ PaMontologia del Regno di Napoli, Parts II., III., with Appendices— (1854-1863) , 

4to., Napoli. 

First Biennial Report of the Progress of the Greological Survey of Michigan — (1861,) 8vo., 

Lansing. 

Harvard Coll., Mass. 

Geological Magazine, Vol. VIII, Nos. 6-8— (1871,) 8vo., London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. II, No. 12, and 

Vol. Ill, No. 1— (1871,) 4to., Calcutta. 

Government of India. 
Journal de Conchyliologie, 3rd Ser., Vol. X., No. 4 — (1870,) 8vo., Paris. 
Leonhard, G., und Geinitz, H. B. — ^Neues Jahrbuch fiir Mineralogie, Geologie, und 

Pal^ontologie, Jahrgang, 1870, Heft 8, and Jahrgang, 1871, Heft 

3.4-(1870-1871,) 8vo., Stuttgart. 
Pal^ontographica, Band XIX, Lief. 5, with title page and Index of Vol. XVII, 4to., Cassrl. 
Petermann, Dr. A. — Geographische Mittheilungen, Band XVII, Nos. 6-7 — (1871,) 4t(«., 

Gotha. 
Ppbiffbb, Db. Louis. — Malakozoologische Blatter, Band XVII, Bg 9, and Band XVIII, Bg. 

1-3— (1870-1871,) 8vo., Cassel. 
M >» Novitates Conchologicte, Abbildong und Beschreibung neuer Con- 

chylien, I, Abth, Land Conohylien, Lief XXXVIII, 4to., Cassel. 
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RoMBK, Db. Eduabd. — ^Novitates Conchologtcse, Abbildung mid Beschreibong nener Con- ^ 

cbylien, Supplement III. Monograpbie der Molluskengattung 

YeniiB. Linn^, Lief 30-31, (1871,) 4to., Cassel. 
The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4tJi 

Series, Vol. XLI, Noa. 276-278, (1871,) 8vo.. London. 
The Quarterly Journal of Science, Nos. 29-31, (1871,) 8vo., London. 
Tboschel. Db. p. H.— Archiv fur Naturgeschichte, Jahrgang XXXIV, (1868,) XXXV, (1869,) 

XXXVI, (1870,) Heft. 1— 4-(1868-1870,) 8vo., Berlin. 

GOVERNMENT SELECTIONS. 

Bombay. — Selections from the Records of the Bombay Goyemment, New Series, No. 118. 

Papers relative to the introduction of Revised Rates of Assess- 
ment into the Chikodee and Bedee Talookas, and part of the 
Padshapoor Talooka, all of the Belgaum Collectorate, (1871,) 8vo., 
Bombay. 

GOYBBNICBNT OF BoMBaT. 

„ Selections from Records of the Bombay Government, New Series, No. 119. Papers 

relating to the introduction of Revised Rates of Assessment into 
the Beejapoor Talooka, formerly of the Sattara Collectorate, (1871,) 
8vo., Bombay. 

GOVEBNHBNT OF BOMBAT. 

^^,„ Selections from the Records of the Bombay Government, New Series, No. 113. 
< Papers relating to the revision of assessment in six talookas of 

the Ahmednuggur Collectorate, (1871,) 8vo., Bombay. 

GOYEBNMSNT OF BoMBAT. 

OuDH.— Habinoton, H. B. — Report on Dispensaries and Lunatic Asylums in the Province 

of Oudh for 1870, (1871,) flsc., Lucknow. 

GrOYBBNHEKT OF OlTDH. 

„ Whishaw, J. C. — Sanitary and Vaccine Reports for the Province of Oudh for 1870. 

( 1871,) flsc., Lucknow 

GOVEBNMENT OF OuDH. 

Punjab.-' Selections from the Records of the Government of the Punjab and its Dependencies, 

New Series, No. 9. Notes on the Dera Ghazee Khan District, 
North- Western Frontier, and its Border Tribes, by R. B.J. Brace, 
Esq., (1871,) 8vo., Lahore. 

GOYBBNUBNT OF THE PuNJAB. 

TRANSACTIONS, Ac. 

Beblin. — Monatebericht der koniglichen Preussischen akademie der Wissenschafben zu Ber- 
lin, 1867-69, and April, May 1871, 8vo., Berlin. 

Thb Academy. 

„ Verzeichniss der abhandlungen der konig. Preuss. Akademie der Wissenschaften 

von 1710—1870, (1871,) 8vo., Berlin. 

The Academy. 

„ ZeitFchrift der Deutschen Greologischen Gesellschaft. Band XXII, Heft. 4, 

(1870,) Band XXIII, Heft. 1, (1871)-(1870.1871.) 8vo., Berlin. 

Gbbmam Gbolooical Society. 



PART 4.] Accemons to Library. 1£1 

TUUm of Books. Donors, 

BfiBSLAU.— Abhandlungen der Scblesischen GeselkchafI fur vaterlanduche Ciiltur. Natur- 

wissenschaften and medicin, 1869-70. Philosopliifiche — historis- 
che, 1870— (1870) 8m, Brealau. 

The SiLEsiAir Sogibty. 
Siebenundvierzigster Jahres-Bericht der Soblesificben GesdlBohaft fur vatedan- 

diflche Cultor, 1869— (1870) 8vo., ^eslan. 

Thb Silbsiak Society. 

Bbdxbllbs.— Annales de la Soci^t^ Malacologique de Belgique, Tome I (1863)— IV, (1869) 

(1863-1869) 8Ta, Brazelles. 
., Annuaire de TAcad^mie Royale des Sciences, des Lettree, et des Beaux-Arts de 

Belgique, 37th Tear, (1871,) 12mo., Bruxelles. 

Bbloian Acadbut. 
„ BuUetinB de rAcad^mie Boyale des Sci^uces, ded Lettres, et des Beaux-Arts 

de Belgique, 2nd Series, Vol. XXIX-XXX (1870)— (1870) 4to., 
Bruxelles, 

Belgian Academy. 
M M^moires de TAcad^mie Rojale des Sciences, des Lettres, et des Beaax-Art4« 

de Belgique, Vol. XXXVIII, (1871) 4to., Bruxelles. 

Belgian Academy. 
M^moires Couronn^s et M^moires des Savants Etrangers, Vol. XXXV (1870) 
XXXVI (1871)— (1870-1871) 4to., Bruxelles. 

Belgian Academy. 

Calcittta.— Journal of the Asiatic Society of Bengal : New Series, Vol. XL, Part I, No. 1, 

Part II, No. Ill, (1871,) 8vo., Calcutta. 

The Soc mr. 
„ Proceedings of the Asiatic Society of Bengal, No. 7, July — 8, August, (I 1,> 

8to., Calcutta. 

The Society. 

Memoirs of the Geological Survey of India, Vol. VII, (1871,) 8vo., Calcutta. 

The Subvey. 

Records of the Geological Survey of India, Vol. IV., Part 3, (1871.) Calcutta. 

The Subvey. 

Chbi8Tchubch. — Journal of the Proceedings of the Provinoial Council of Canterbuiy. 

Session XXXIV— (1871) flsc., Christchurch. 

Db. Haast. 
^ Laws of the Philosophical Institate of Canterbozy. Founded 1862. In- 
corporated 1868^(1870) 8vo., Christchuzch. 

Db. Haast. 
„ Philosophical Institute of Canterbury. Beport of the Council for the 

year ending 31st December 1870— (1870) 8vo., Christchurch. 

Db. Haast. 

Copenhagen. — Oversigt over det kongelige danske Videnskabemes Selskabe Forhandlinger 

og dets Medlenuneers Arbeider f Aaret 1870, No. 2, (1870,) 8vo., 

Copenhagen. 

Danish Academy. 

Dbesden.— Sitzungsberichte der natnrwissenschaftlichen Gtesellschaft Isis in Dresden. 

Jahrg. 1870, July, December (1870-71,) 8vo., Dresden. 

The Isis Society. 
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Titles qf Boohs, Donors, 

Flobekcb.— Bolletino B. Comitato Geologioo dltalia, Nob. 6 to 6, (1871,) Sro., Florence. 

The Society. 

Haablek. — ^Verhandelingen de CommiMie Geologische Beechrijving en Kaart van Nedeiknd, 

Vol. I, (1863)— II (1854) 4to., Haarlem. 
KoNiesBEBO. — Schriften der Koniglichen Physikalisch— Okonomischen Geeellschaft zu 

Konigsberg. Jahrg. XI. Abth. I. — (1871) 4to., Konigsbeig. 
London.— Journal of the Society of Arts, Vol. XIX, No. 956, (1871,) 8yo., London. 

The Socmr. 

Proceedings of the Royal Geographical Society, Vol. XV, No. 1, (1871.) 8vo., 

London. 

The Socibtt. 

Proceedings of the Royal Society, Vol. XIX, Nos. 126 and 128, (1871,) 8vo., 

London. 

The Socibty. 

MoNTBEAL.— Geological Survey of Canada. Report of Progress from 1866-1869— (1870) 8to., 

Montreal. 

The Subtby. 

Moscou.— Bulletin de la Soci^te Imp^riale des Naturalistes de Mosoou, Vol. XLIII, No. 2, 

(1870,) 8vo., Moscou. 

The Society. 

Munich. — Sitzungsbenchte der koniglichen Bayenschen akademie der Wissenscha^n zu 

Miinchen, Band II, Heft. 1-4, (1870,) 8vo., Miinchen. 

The Academy. 

Philadelphia. — Journal of the Franklin Institute, 3rd Series, Vol. LXI, Nos. 1-2, (1870,) 

8yo., Philadelphia. 

The Institute. 

„ Proceedings of the Academy of Natural Science of Philadelphia, Nos. 1-3, 

January, December, (1870,) Svo., Philadelphia. 

The Academy. 

St. Petebsboubo. — Bnlletin de I'Acad^mie Imp^riale des Sciences de SI Petersbouig, 

Vol. XV, Nos. 3-5, (1871,) 4to., St. Petersbourg. 

Vienna.— Denksohriften der kais^ikademie der WiBsenschaften* Band XXX (1870)— (1870) 

4to., Vienna. 

The Acadbmt. 

Sitzungsbexicht der kais. Akademifl der Wlssenschaften. 
Band LX, Abth. I, Heft. 3 to 5, Oct. to Dec. (1869.) 

„ LX, „ II, „ 3 to 5, Oct. to Dec. (1869.) 

„ LXI, „ I, „ 1 to 6, Jan. to May (1870.) 

„ LXI, „ . II, „ 1 to 6, Jan. to May (1870.) 

„ LXn, „ I, „ 1 to 2, June to July (1870.) 

„ LXII, „ U, „ 1 to 3, June to Oct. (1870.) 
und Register zu den Banden 51 to 60 (1871), (1869-1870,) 8vo., Tienna, 

The Academt. 
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Jahxbuch der kais. konig. Geologischen Beichsanstalt, Band XXI, No. 1, January 

to Match— (1871) 8vo., Vienna. 
Verhandlungen der kais. konig. Geologischen Beichsanstalt, Noe. 1 to 5, January 

to March— (1871) 8vo., Tienna. 
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Titlejt of Books. Donors. 

Vienna.. — Abhandlungen d. k, k. Geol. Reichs, Band V, Hefl 1, Die Beptilfauna der Gosau — 

Formation in der neuen Welt bei Wiener Neustadt, von Dr Ema- 
nuel BunzeL 
Abhandlungen d. k. k. Geol. Beichs, Band Y, Hefl 2. Die Cephalopoden Fauna, 

der Oolithe von Balin bei Krakau, von Dr. M. Neumayr. 

The Institute. 
Wellington.— Transactions of the New Zealand Institute, Vol. II (1869), II (1870)— (1870-71) 

8yo., Wellington. 

Db. Haast. 
M IVoceedings of the New Zealand Institute, Vol. Ill, Parts 1 to 2, January 

to December— (1870) 8vo., Wellington, 

Db. Haast. 
ZuBiCH. — Viort^Sljahrsschrift der naturforschenden Gesellschaft in Zurich. Jahrg. XIV. 

pts. 1 to 4, (1869.) 8vo., Zurich. 

The Society. 
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